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1 Introduction

Global Precipitation Measurement (GPM) is an international satellite mission to pro-
vide observations of rain and snow worldwide. NASA and Japan Aerospace Exploration
Agency (JAXA) launched the GPM Core satellite from Japan on February 27, 2014 UTC
(February 28 Japan Standard Time). The data provided by the Core unifies precipitation
measurements made by an international network of partner satellites to quantify when,
where, and how much it rains or snows around the world.

1.1 Identification

This is the File Specification for GPM Products.

1.2 Scope

This document describes the data file formats for GPM products. Metadata is described
in Metadata for GPM Products.

1.3 Purpose and Objectives

The purpose of this file specification document is to define the file content and format for
the GPM data products.

1.4 Document Status and Schedule

The file specifications have been reviewed by the algorithm developers. Formats are
expected to change for each processing cycle.

1.5 Document Organization

The organization is as follows:

Section 2 LOGICAL FORMAT - This section describes general aspects of the logical
format.

Section 3 PHYSICAL FORMAT - This section describes general aspects of the physical
format.

Section 4 FORMATTING CONVENTIONS - This section describes the general format-
ting conventions used in this document.

Section 5 STANDARD GPM PRODUCTS - This section describes the file specifications
for the standard GPM products.
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2 Logical Format

The logical format of a data product consists of the names, types, dimensions, and or-
ganization of the data. The physical format is the implementation of the logical format
with an underlying format such as Hierarchical Data Format (HDF). The bulk of this
document consists of the logical format of each GPM data product.

GPM data products contain metadata and data. Metadata are small text strings contain-
ing label information such as the name, date, and time of the data products. Metadata
are often organized into metadata groups.

Data are arrays or scalers. Data are often organized into swath structures or grid struc-
tures. Some products have groups outside or inside swath structures or grid structures.

2.1 Swath Structure

The swath structure stores satellite data which are organized by scans. Swath structures
are implemented in Levels 1A, 1B, 1C, 2A, and 2B. The swath structure is contained in
a group. In this swath group is the metadata group SwathHeader, data group ScanTime,
data arrays Latitude and Longitude and other data arrays. In some products there are
additional data groups under the swath group. The contents of the metadata group
SwathHeader are explained in Metadata for GPM Products.

2.2 Grid Structure

The grid structure stores earth located grids. Each grid is an array of grid boxes, rather
than grid points. Grid structures are implemented in Level 3A and 3B products. The grid
structure is contained in a grid group. In this group is the metadata group GridHeader
and data arrays. In some products there are additional data groups under the grid group.
The contents of the metadata group GridHeader are explained in Metadata for GPM
Products.

3 Physical Format

The logical format of GPM data products is written in an underlying format such as HDF'.

3.1 Heirarchical Data Format

HDF was developed by the National Center for Supercomputing Applications (NCSA) at
the University of Illinois at Champaign-Urbana and is the archive format for GPM data.
HDF manuals and software may be obtained via anonymous ftp at ftp.ncsa.uiuc.edu
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The logical group is implemented in HDF as a Vgroup. The logical array or scalar is
implemented in HDF as a Scientific Data Set. Each SDS contains the data array and
additional information as attributes: names of dimensions, units, scale, offset, and scale
description.

Each metadata group is implemented in HDF as an attribute. Elements within a group
are implemented as

ElementName=ElementValue;
If the element has a list of values, the values are separated with a comma:

ElementName=Valuel,Value2,...,ValueN;

4 Formatting Conventions

4.1 File Structure Figure

Each data product section has a file structure figure and file contents. The file structure
figure show the organization of the data within the file. The File is on the left. Under
the file are circles showing swaths or grid structures or boxes showing metadata, groups,
or arrays. Group boxes are shaded. Array boxes contain the size of one element with the
dimensions to the right of the box. A group has an additional figure showing the contents
of the group.

4.2 File Contents

Each array or scaler is described with name in bold, then parenthesis containing the data
type and dimensions, and then a description.

4.3 Missing Data and Empty Granules

Missing data are denoted by values equal to -9999.9, -9999.9, -9999, -9999, -9999, -99,
65535, 4294967295, 255, and NULL for for 8-byte float, 4-byte float, 8-byte integer, 4-byte
integer, 2-byte integer, 1-byte integer, 2-byte unsigned integer, 4-byte unsigned integer,
1-byte character, and variable length string. Any exceptions to the use of the above
standard values are explicitly notes in the description.

If an entire granule is missing, an empty granule may be created. An empty granule
is defined by the metadata element EmptyGranule in the metadata group FileHeader.
Software reading a granule should check EmptyGranule first. Swath data or grid data
may be empty.
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4.4 Array Dimension Order

In the definition of array dimensions, e.g. npixel x nscan, the first dimension (npixel) is
the most rapidly varying index and the last dimension (nscan) is the least rapidly varying
index. To implement the format in FORTRAN, declare an array with the dimensions as
they appear in this document. To implement the format in C, declare an array with the
dimensions reversed from their appearance in this document.

4.5 Array Index

The meaning of each array index is explained at the beginning of each algorithm section
in the list called ” Dimension Definitions.” Some array indeces denote a type rather than
a number. For example, PIAalt has dimensions method x nray x nscan and there are
6 methods. If an index is enumerated the index value will start with 1 (rather than 0)
unless otherwise indicated.

4.6 Granule definition

For orbital products, the beginning and ending time are defined as the time the sub-
satellite track reaches its southernmost latitude. A scan is included in a granule when its
ScanTime is greater than or equal to the Granule start time and less than the Granule
end time.

For time-averaged products, the beginning time is the first millisecond of the period and
the ending time is the last millisecond.



25

5 Standard GPM Products

5.1 TMIBASE - TMI Antenna Temperatures

The TMI BASE Product, TMIBASE, "TMI Antenna Temperatures,” is written as one
Swath. It is similar to TRMM 1B11 but channels are not scaled and there is no overlap
with the last and next granules. The following sections describe the structure and contents
of the format.

Dimension definitions:

nscan var Number of scans in the granule.
nchan 9 Total number of channels.
nchUIA 1 Number of unique incidence angles.

npixel 208 Number of high frequency pixels in each scan.
npixlo 104  Number of low frequency pixels in each scan.

Figure 1 through Figure 7 show the structure of this product. The text below describes
the contents of objects in the structure, the C Structure Header File and the Fortran
Structure Header File.

FileHeader (Metadata):
FileHeader contains metadata of general interest. This group appears in all data products.
See Metadata for GPM Products for details.

InputRecord (Metadata):
InputRecord contains a record of input files for this granule. This group appears in Level
1, Level 2, and Level 3 orbital data products. Level 3 time averaged products have the

same information separated into 3 groups since they have many inputs. See Metadata for
GPM Products for details.

NavigationRecord (Metadata):

NavigationRecord contains navigation metadata for this granule. This group appears in
Level 1, Level 2, and Level 3 orbital data products. See Metadata for GPM Products for
details.

FileInfo (Metadata):
FileInfo contains metadata used by the PPS I/O Toolkit (TKIO). This group appears in
all data products. See Metadata for GPM Products for details.

S1 (Swath)

SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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[NavigationRecord ] Metadata
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Figure 1: Data Format Structure for TMIBASE,
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/ Glawgatlon

nscan
npixel x nscan
npixel x nscan
nscan

nscan

nscan

nscan

16 x 2 x 9 x nscan
npixel x nscan
nchUIA x npixel x nscan
7 x npixlo x nscan

2 x npixel x nscan

[SwathHeader ] Metadata
CScanTime 19 bytes) Group:
[Latitude 4 bytes] Array:
[Longitude 4 bytes] Array:
CscanStatus 18 bytes) Group:
84 bytes) Group:
calibration 141 bytes) Group:
CsunData 40 bytes) Group:
[calCounts 2 bytesJ Array:
[satLocZenAngle 4 bytes] Array:
[sunGlintAngle 4 bytes] Array:
[lowResCh 4 bytesJ Array:
[highResCh 4 bytes] Array:

[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

[DayOfMonth 1 byte | Array: nscan

/—>[Hour 1 byte | Array: nscan
@—)[Mmute 1 byte | Array: nscan
\[Second 1 byte | Array: nscan

[MilliSecond 2 bytes | Array: nscan

[DayOerar 2 bytes | Array: nscan

[SecondOfDay 8 bytes] Array: nscan

TMI Antenna Temperatures

Figure 2: Data Format Structure for TMIBASE, ScanTime
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Array:

Array:

[missing 1 byte
[Validity 1 byte
[qac 1 byte
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T [SCorienta‘cion
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[yawUpStat 1 byte
[tmiIsStatus 1 byte
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8 bytes | Array:

Figure 3: Data Format Structure for TMIBASE, scanStatus

[scPos 4 bytes] Array:

[chel 4 bytes] Array:

[scLat 4 bytes) Array:

[scLon 4 bytes] Array

[scAlt 4 bytes] Array

[dprAlt 4 bytes) Array
/—> [scAttRollGeoc 4 bytes] Array
_— [soAttPitChGeoc 4 bytes] Array:
\[SCAttYaWGEOC 4 bytes) Array
[SCAttROHGeOd 4 bytesJ Array
[SCAttPitChGeOd 4 bytes] Array
[scAttYawGeod 4 bytes] Array
[greenHourAng 4 bytes) Array
[timeMidScan 8 bytes] Array:
[timeMidScanOffset 8 bytes] Array:

Figure 4: Data Format Structure for TMIBASE, navigation
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[hotTempl 4 bytes] Array:
[hotTeme 4 bytes) Array:
[hotTempB 4 bytesJ Array:
[posBridgeVolt 2 bytes] Array
[nearZeroVolt 2 bytes) Array
[temp85Ghz 4 bytesJ Array
[topRadTemp 4 bytes] Array
[autoContl 1 byte] Array
[autoContQ 1 byte] Array
[autoCont?) 1 byte] Array
[autoCont4 1 byte] Array
[autoContS 1 byte] Array
4[autoCont6 1 byte] Array
[ autoCont7 1 byte] Array
\[autoContS 1 byte] Array
[autoContQ 1 byte] Array
[CalCoeflA 4 bytes] Array
[calCoefQA 4 bytes) Array
[calCoef?)A 4 bytesJ Array
[CalCoef4A 4 bytes] Array
[calCoefSA 4 bytes) Array
[calCoefGA 4 bytes) Array:
[calCoef?A 4 bytes] Array:
[calCoefSA 4 bytes] Array:

continued on next figure

Figure 5: Data Format Structure for TMIBASE, calibration
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continued from last figure

[calCoefQA 4 bytes
[CalCoele 4 bytes
[calCoefQB 4 bytes

/—> [CalCoefSB

() —— (e

\—> [calCoef5B

[CalCoefGB 4 bytes
[calCoef?B 4 bytes
[calCoefSB 4 bytes
[calCoef9B 4 bytes
[TaBias 4 bytes

Figure 6: Data Format Structure for TMIBASE, calibration

[solarBet aAngle

4 bytes

[phaseFromOrbitMidnight

4 bytes

4 bytes

/—> [sunEarthSeparation
[earthAngularRadius

/—>
T [phaseOfEclipseExit

[orbitRate

[timeSinceEclipseEntry

4 bytes

[sunVectorInBodyFrame

4 bytes) Array

Figure 7: Data Format Structure for TMIBASE, sunData
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ScanTime (Group)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npixel x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npixel x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group)

missing (1-byte integer, array size: nscan):
Missing indicates whether information is contained in the scan data. The values are:

0 Scan data elements contain information
1 Scan was missing in the telemetry data

validity (1-byte integer, array size: nscan):

Validity is a summary of status modes. If all status modes are routine, all bits in Validity
= (0. Routine means that scan data has been measured in the normal operational situation
as far as the status modes are concerned. Validity does not assess data or geolocation
quality. Validity is broken into 8 bit flags. Each bit = 0 if the status is routine but the
bit = 1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and
other bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)

Non-routine spacecraft orientation (2 or 3)
Non-routine ACS mode (other than 4)

Non-routine yaw update status (0 or 1)

Non-routine instrument status (Bit O = 0 or bit 1 = 0)
Non-routine QAC (non-zero)

O WNH+~- O

(e}

21 GHz Cold Count Flag (1 if Flag set)
7  Spare (always 0)

gac (1-byte integer, array size: nscan):

The Quality and Accounting Capsule of the Science packet as it appears in Level-0 data.
If no QAC is given in Level-0, which means no decoding errors occurred, QAC in this
format has a value of zero.

geoQuality (1-byte integer, array size: nscan):

geoQuality is broken into 8 one-bit flags. Some flags represent problems but other flags
are informational. Bits 0, 5, and 6 represent problems: 0 = ’'good’ quality and 1 =
'bad’ quality. It is recommended not to use scans when any problem flag is 1. The
informational flags have: 0 = routine conditions and 1 = non-routine conditions. Bit 0 is
the most significant bit (i.e., if bit i = 1 and other bits = 0, the unsigned integer value is
2**(7-1). Note that good scans may have non-zero geoQuality. Each flag is listed below.
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Bit Meaning if bit =1

0 Grossly bad geolocation results:
Spacecraft position vector magnitude outside range 6715 to 6790 km.
Z component of midpoint of scan outside range -4100 to 4100 km.
Distance from S/C to midpoint of scan outside range 500 to 750 km.

1 Unexpectedly large scan to scan jumps in geolocated positions in along and
cross track directions for first, middle, and last pixels in each scan.
Allowed deviation from nominal jump in along track motion = 3.0 km (first
pixel), 3.0 km (middle pixel), and 3.0 km (last pixel).
Allowed deviation from nominal jump in cross track motion
pixel), 3.0 km (middle pixel), and 3.0 km (last pixel).
Bit set in normal mode only.

2 Scan to scan jumps in yaw, pitch, and roll exceed maximum values. Values
are : yaw = 0.005 radians; pitch = 0.005 radians; roll = 0.005 radians.
Bit set in normal control mode only.

3 In normal mode, yaw outside range (-0.005, 0.005) radians; pitch outside
range (-0.005, 0.005) radians; roll outside range (-0.005, 0.005) radians.

4  Satellite undergoing maneuvers during which geolocation will be less
accurate.

5 Summary QA flag for dataQuality: Set to 1 if bit O is 1 or bit 6 is 1,
i.e. Grossly bad or failed geolocation calculations.
Science data use not recommended.

6 Geolocation calculations failed (fill values inserted in the per pixel
geolocation products, but not in metadata).

7 Missing attitude data. ACS data gap larger than 1.0 seconds.

Pitch, roll, and yaw are interpolated or extrapolated from nearby data.

3.0 km (first

dataQuality (1-byte integer, array size: nscan):

dataQuality is a flag for overall scan quality. Unless this is 0, the scan data is meaningless
to higher science processing. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1
0 missing
5 geo(uality indicates bad or missing values

6 validity bits 0-5 not all normal

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the TMI scan. If +X is forward, SCorientation is 0.
If -X is forward, SCorientation is 180. If -Y is forward, SCorientation is 90. Values range
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from 0 to 360 degrees. Special values are defined as:
-8003 Inertial
-8004 Unknown

-9999 Missing value

acsMode (1-byte integer, array size: nscan):

Value Meaning

Standby

Sun Acquire

Earth Acquire

Yaw Acquire
Nominal

Yaw Maneuver
Delta-H (Thruster)
Delta-V (Thruster)
CERES Calibration

00 ~NO O WN B+~ O

yawUpStat (1-byte integer, array size: nscan):

Value Meaning

0 Inaccurate
1 Indeterminate
2 Accurate

tmilsStatus (1-byte integer, array size: nscan):
Bit 0 is the most significant bit (i.e., if bit i = 1 and other bits = 0, the unsigned integer
value is 2*%(8-1) - 1).

Bit Meaning

00 Receiver Status (1=0N, 0=0FF)
01 Spin-up Status (1=0N, 0=0FF)

02 Spare Command 1 Status

03 Spare Command 2 Status

04 1 Hz Clock Select (1=A, 0=B)

05 Spare
06 Spare Command 4 Status
07 Spare Command 5 Status

FractionalGranuleNumber (8-byte float, array size: nscan):
The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
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spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:
-9999.9 Missing value

navigation (Group)

scPos (4-byte float, array size: XYZ x nscan):

The position vector(m) of the spacecraft in Earth-Centered Earth Fixed (ECEF) Coor-

dinates at the Scan mid-Time (i.e., time at the middle pixel/IFOV of the active scan

period). Values range from -10000000 to 10000000 m. Special values are defined as:
-9999.9 Missing value

scVel (4-byte float, array size: XYZ x nscan):
The velocity vector (ms™1) of the spacecraft in ECEF Coordinates at the Scan mid-Time.
Values range from -10000000 to 10000000 m/s. Special values are defined as:

-9999.9 Missing value

scLat (4-byte float, array size: nscan):
The geodedic latitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -70 to 70 degrees. Special values are defined as:

-9999.9 Missing value

scLon (4-byte float, array size: nscan):
The geodedic longitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time. Values
range from 350000 to 500000 m. Special values are defined as:

-9999.9 Missing value

dprAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time from
DPR science telemetry. This is empty in non-DPR products. Values range from 350000
to 500000 m. Special values are defined as:

-9999.9 Missing value

scAttRollGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The or-
der of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Orbital Coordinates to the spacecraft body coordinates. Orbital
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geocentric nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
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direction for a near circular orbit. Note this is geocentric, not geodetic, referenced, so that
pitch and roll will have twice orbital frequency components due to the onboard control
system following the oblate geodetic Earth horizon. Note also that the yaw value will
show an orbital frequency component relative to the Earth fixed ground track due to the
Earth rotation relative to inertial coordinates. Values range from -180 to 180 degrees.
Special values are defined as:

-9999.9 Missing value

scAttPitchGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler pitch angle (degrees) at the Scan mid-Time.
Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

scAttRollGeod (4-byte float, array size: nscan):

The geodetic satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The order
of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Geodetic Coordinates to the spacecraft body coordinates. Geodetic
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geodetic nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Values range from -180 to 180 degrees. Special values
are defined as:

-9999.9 Missing value

scAttPitchGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler pitch angle (degrees) at the Scan mid-Time. . Values

range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scAttYawGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

greenHour Ang (4-byte float, array size: nscan):
The rotation angle (degrees) from Geocentric Inertial Coordinates to Earth Fixed Coor-
dinates. Values range from 0 to 360 degrees. Special values are defined as:

-9999.9 Missing value

timeMidScan (8-byte float, array size: nscan):
The Scan mid-Time in GPS Atomic time, namely the seconds since 0000 UTC,6 Jan 1980.
timeMidScan is used as the reference time for the scPos and scVel values. Values range
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from 0 to 10000000000 s. Special values are defined as:
-9999.9 Missing value

timeMidScanOffset (8-byte float, array size: nscan):
Offset from the secondary header packet time to the timeMidScan. Values range from 0

to 100 s. Special values are defined as:
-9999.9 Missing value

calibration (Group)

hotTempl (4-byte float, array size: nscan):
The physical temperatures, in degrees Kelvin, for the 3 temperature sensors attached to
the hot load. Values range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

hotTemp2 (4-byte float, array size: nscan):
The physical temperatures, in degrees Kelvin, for the 3 temperature sensors attached to
the hot load. Values range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

hotTemp3 (4-byte float, array size: nscan):
The physical temperatures, in degrees Kelvin, for the 3 temperature sensors attached to
the hot load. Values range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

posBridgeVolt (2-byte integer, array size: nscan):
The positive bridge voltage of the hot load bridge reference. Values range from 0 to 4095
volts. Special values are defined as:

-9999 Missing value

nearZeroVolt (2-byte integer, array size: nscan):
The near zero voltage of the hot load bridge reference. Values range from 0 to 4095 volts.
Special values are defined as:

-9999 Missing value

temp85Ghz (4-byte float, array size: nscan):

The receiver shelf temperature of the 85.5 GHz channel. Values range from -273.15 to
126.85 Celsius. Special values are defined as:

-9999.9 Missing value

topRadTemp (4-byte float, array size: nscan):
The temperature of the top of the radiator channel. Values range from -273.15 to 126.85
Celsius. Special values are defined as:

-9999.9 Missing value

autoCont1 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
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values are defined as:
-99 Missing value

autoCont2 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont3 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont4 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont5 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont6 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont7 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont8 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

autoCont9 (1-byte integer, array size: nscan):
Automatic gain control for the 9 channels in counts. Values range from 0 to 15. Special
values are defined as:

-99 Missing value

calCoefl A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value
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calCoef2A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef3A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef4 A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef5A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef6A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef7A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef8A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef9A (4-byte float, array size: nscan):
Calibration coefficient A (degrees Kelvin / counts) for the 9 channels. Coefficient A for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value



5.1 TMIBASE - TMI Antenna Temperatures 39

calCoeflB (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef2B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef3B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoefdB (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef5B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef6B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef7B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

calCoef8B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value
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calCoef9B (4-byte float, array size: nscan):
Calibration coefficient B (degrees Kelvin / counts) for the 9 channels. Coefficient B for
each channel is used in the following equation to convert counts, C, to antenna tempera-
ture, TA: TA = A C + B Values are in K. Special values are defined as:

-9999.9 Missing value

TaBias (4-byte float, array size: nchan x nscan):

Bias in the antenna temperatures which is estimated due to instrument temperature
fluctuations as a function of timeSinceEclipseEntry and solarBetaAngle. This bias is
applied to reach the antenna temperature in this product. Values range from -10.0 to
10.0 K. In other words,

V6 Ta - TbBias = V7 Ta

sunData (Group)

solarBetaAngle (4-byte float, array size: nscan):
Sun direction elevation from the orbit plane, positive toward orbit normal which is given
by the cross product of the spacecraft position and velocity vectors. Values range from
-59.0 to 59.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseFromOrbitMidnight (4-byte float, array size: nscan):

Phase angle of the Sun direction around the orbit plane, with zero phase in the direction of
the Earth center from the spacecraft and positive toward the spacecraft velocity direction
so the phase increases with time. Zero phase occurs at local orbit midnight, 90 degrees
occurs with the spacecraft over the Earth’s dawn terminator, 180 degrees occurs at local
orbit noon, and -90 degrees occurs with the spacecraft over the Earth’s dusk terminator.
Values range from -180.0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

sunEarthSeparation (4-byte float, array size: nscan):
The separation angle between the Sun and Earth directions from the spacecraft. Values
range from 0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

earthAngularRadius (4-byte float, array size: nscan):
The angle between the center of the Earth and the horizon edge. The sun is above
the Earth horizon when the sunEarthSeparation is greater than the earthAngularRadius.
Values range from 69.0 to 80.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseOfEclipseExit (4-byte float, array size: nscan):
The estimated phaseFromOrbitMidnight where the spacecraft leaves the Earth shadow,
based on the instantaneous solarBetaAngle and earthAngularRadius. Values range from
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45.0 to 80.0 degrees. Special values are defined as:
-9999.9 Missing value

orbitRate (4-byte float, array size: nscan):

The instantaneous angular rate of the spacecraft around the orbit. Values range from
0.064 to 0.07 degrees/s. Special values are defined as:

-9999.9 Missing value

timeSinceEclipseEntry (4-byte float, array size: nscan):
The estimated duration in seconds since the last entry into the Earth’s shadow. Values
range from 0 to 5600.0 s. Special values are defined as:

-9999.9 Missing value

sunVectorInBodyFrame (4-byte float, array size: 3 x nscan):
The unit sun vector direction in the TMI instrument body coordinate frame, defined such
that +Z is nominally toward the Earth and gives the instrument spin axis, and data is
collected nominally centered about the +X direction. Values range from 0 to 1.0. Special
values are defined as:

-9999.9 Missing value

calCounts (2-byte integer, array size: 16 x 2 x 9 x nscan):

Calibration measurements, in counts. The dimensions are: samples, load, channel, and
scan. The sample dimension has a maximum of 16. The load dimension has first hot load
and then cold sky. The low resolution channels (1-7) have 8 samples (the remaining 8
elements in the array are not used for each low resolution channel) and the high resolution
channels (8 - 9) have 16 samples.

satLocZenAngle (4-byte float, array size: npixel x nscan):
The angle, in degrees, between the local pixel geodetic zenith and the direction to the
satellite.

sunGlint Angle (4-byte float, array size: nchUIA x npixel x nscan):
Sun glint angle. Values range from 0 to 180 degrees. Sun below horizon value is -8888.8.
Missing value is -9999.9.

lowResCh (4-byte float, array size: 7 x npixlo x nscan):
Antenna temperature (K). The dimensions are: channel, pixel, scan. The pixel dimension
has Offset = 0 and Increment = -2. The following channels are included:

Channel  Frequency Polarization Minimum Maximum
1 10 GHz Vertical 33 320
2 10 GHz Horizontal 66 320
3 19 GHz Vertical 133 320
4 19 GHz Horizontal 80 320
5 21 GHz Vertical 133 320
6 37 GHz Vertical 133 320
7 37 GHz Horizontal 112 320
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highResCh (4-byte float, array size: 2 x npixel x nscan):

Antenna temperature (K). The dimensions are: channel, pixel, scan. The following chan-

nels are included:

Channel  Frequency Polarization Minimum
8 85 GHz Vertical 70
9 85 GHz Horizontal 70

C Structure Header file:

#ifndef _TK_TMIBASE_H_
#define _TK_TMIBASE_H_

#ifndef _LTMIBASE_SUNDATA_
#define _LTMIBASE_SUNDATA_

typedef struct {
float solarBetaAngle;
float phaseFromOrbitMidnight;
float sunEarthSeparation;
float earthAngularRadius;
float phaseOfEclipseExit;
float orbitRate;
float timeSinceEclipseEntry;
float sunVectorInBodyFrame[3];
} LTMIBASE_SUNDATA;

#endif

#ifndef _LTMIBASE_CALIBRATION_
#define _LTMIBASE_CALIBRATION_

typedef struct {
float hotTempl;
float hotTemp2;
float hotTemp3;
short posBridgeVolt;
short nearZeroVolt;
float temp85Ghz;
float topRadTemp;
signed char autoContl;
signed char autoCont2;
signed char autoCont3;

Maximum
320
320
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signed
signed
signed
signed
signed
signed
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
} LTMIBASE

#endif

#ifndef _N
#define _N

typedef st
float
float
float
float
float
float
float
float
float
float

char autoCont4;
char autoContb;
char autoCont6;
char autoCont7;
char autoCont8;
char autoCont9;
calCoeflA;
calCoef2A;
calCoef3A;
calCoef4A;
calCoefb5A;
calCoef6A;
calCoef7A;
calCoef8A;
calCoef9A;
calCoef1B;
calCoef2B;
calCoef3B;
calCoef4B;
calCoef5B;
calCoef6B;
calCoef7B;
calCoef8B;
calCoef9B;
TaBias[9];
_CALIBRATION;

AVIGATION_
AVIGATION_

ruct {
scPos[3];
scVell[3];
sclat;

scLon;

scAlt;

dprAlt;
scAttRollGeoc;
scAttPitchGeoc;
scAttYawGeoc;
scAttRollGeod;
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float scAttPitchGeod;

float scAttYawGeod;

float greenHourAng;

double timeMidScan;

double timeMidScanOffset;
} NAVIGATION;

#endif

#ifndef _LTMIBASE_SCANSTATUS_
#define _LTMIBASE_SCANSTATUS_

typedef struct {
signed char missing;
signed char validity,
signed char qac;
signed char geo(Quality;
signed char dataQuality;
short SCorientation;
signed char acsMode;
signed char yawUpStat;
signed char tmilsStatus;
double FractionalGranuleNumber;
} LTMIBASE_SCANSTATUS;

#endif

#ifndef _SCANTIME_
#define _SCANTIME_

typedef struct {
short Year;
signed char Month;
signed char DayOfMonth;
signed char Hour;
signed char Minute;
signed char Second;
short MilliSecond;
short DayOfYear;
double Second0fDay;
} SCANTIME;

#endif
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#ifndef _LTMIBASE_S1_
#define _LTMIBASE_S1_

typedef struct {
SCANTIME ScanTime;
float Latitude[208];
float Longitude[208];
LTMIBASE_SCANSTATUS scanStatus;
NAVIGATION navigation;
LTMIBASE_CALIBRATION calibration;
LTMIBASE_SUNDATA sunData;
short calCounts[9][2] [16];
float satLocZenAngle[208];
float sunGlintAngle[208] [1];
float lowResCh[104] [7];
float highResCh[208] [2];

} LTMIBASE_S1;

#endif
#endif

Fortran Structure Header file:

STRUCTURE /LTMIBASE_SUNDATA/
REAL*4 solarBetaAngle
REAL*4 phaseFromOrbitMidnight
REAL*4 sunEarthSeparation
REAL*4 earthAngularRadius
REAL*4 phaseOfEclipseExit
REAL*4 orbitRate
REAL*4 timeSinceEclipseEntry
REAL*4 sunVectorInBodyFrame (3)
END STRUCTURE

STRUCTURE /LTMIBASE_CALIBRATION/
REAL*4 hotTempl
REAL*4 hotTemp2
REAL*4 hotTemp3
INTEGER*2 posBridgeVolt
INTEGER*2 nearZeroVolt
REAL*4 temp85Ghz
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REAL*4 topRadTemp
BYTE autoContl
BYTE autoCont2
BYTE autoCont3
BYTE autoCont4
BYTE autoContb
BYTE autoCont6
BYTE autoCont7
BYTE autoCont8
BYTE autoCont9
REAL*4 calCoeflA
REAL*4 calCoef2A
REAL*4 calCoef3A
REAL*4 calCoef4A
REAL*4 calCoefbA
REAL*4 calCoef6A
REAL*4 calCoef7A
REAL*4 calCoef8A
REAL*4 calCoef9A
REAL*4 calCoefl1B
REAL*4 calCoef2B
REAL*4 calCoef3B
REAL*4 calCoef4B
REAL*4 calCoefbB
REAL*4 calCoef6B
REAL*4 calCoef7B
REAL*4 calCoef8B
REAL*4 calCoef9B
REAL*4 TaBias(9)
END STRUCTURE

STRUCTURE /NAVIGATION/
REAL*4 scPos(3)
REAL*4 scVel(3)
REAL*4 scLat
REAL*4 scLon
REAL*4 scAlt
REAL*4 dprAlt
REAL*4 scAttRollGeoc
REAL*4 scAttPitchGeoc
REAL*4 scAttYawGeoc
REAL*4 scAttRollGeod
REAL*4 scAttPitchGeod
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REAL*4 scAttYawGeod

REAL*4 greenHourAng

REAL*8 timeMidScan

REAL*8 timeMidScanOffset
END STRUCTURE

STRUCTURE /LTMIBASE_SCANSTATUS/
BYTE missing
BYTE validity
BYTE qac
BYTE geoQuality
BYTE dataQuality
INTEGER*2 SCorientation
BYTE acsMode
BYTE yawUpStat
BYTE tmiIsStatus
REAL*8 FractionalGranuleNumber
END STRUCTURE

STRUCTURE /SCANTIME/
INTEGER*2 Year
BYTE Month
BYTE DayOfMonth
BYTE Hour
BYTE Minute
BYTE Second
INTEGER*2 MilliSecond
INTEGER*2 DayOfYear
REAL*8 Second0fDay
END STRUCTURE

STRUCTURE /LTMIBASE_S1/
RECORD /SCANTIME/ ScanTime
REAL*4 Latitude(208)
REAL*4 Longitude(208)

RECORD /LTMIBASE_SCANSTATUS/ scanStatus

RECORD /NAVIGATION/ navigation

RECORD /LTMIBASE_CALIBRATION/ calibration

RECORD /LTMIBASE_SUNDATA/ sunData
INTEGER*2 calCounts(16,2,9)
REAL*4 satLocZenAngle(208)

REAL*4 sunGlintAngle(1,208)
REAL*4 lowResCh(7,104)
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REAL*4 highResCh(2,208)
END STRUCTURE

5.2 GMIBASE - GMI Antenna Temperatures

The GMI BASE Product, GMIBASE, ”GMI Antenna Temperatures,” is written as a
multi-Swath Structure. Swath S1 has channels 1-9: 10V 10H 19V 19H 23V 37V 37H 89V
89H. Swath S2 has channels 10-13: 166V 166H 183+/-3V 183+ /-8V. Swath S3 is like
S1 but full scan. Swath S4 is like S2 but full scan. The following sections describe the
structure and contents of the format.

Dimension definitions:

nscan var Number of scans in the granule.
nchanl 9 Number of channels in Swath 1.
nchan?2 4 Number of channels in Swath 2.
nfreql 5 Number of frequencies in Swath 1.
nfreq2 2 Number of frequencies in Swath 2.

npix1 221 Number of pixels in Swath 1.
npix2 221 Number of pixels in Swath 2.
npix3 500 Number of pixels in Swath 3.
npix4 500 Number of pixels in Swath 4.

ncoldsl 85  Maximum number of cold samples in Swath 1.

ncolds2 85 Maximum number of cold samples in Swath 2.

nhotsl 65 Maximum number of hot samples in Swath 1.

nhots2 65 Maximum number of hot samples in Swath 2.

ntherm 11 Number of hot load thermisters.

LNL 2 Linear and non-linear.

nsamt 4 Number of sample types. The types are: total science GSDR, earth-
view, hot load, cold sky.

ntach 32  Number of tachometer readings.

GMIxyz 3 x,y, z components in GMI instrument coordinate system.

nndiode 6 Number of noise diodes.

n7 7 Number seven.

Figure 8 through Figure 38 show the structure of this product. The text below describes
the contents of objects in the structure, the C Structure Header File and the Fortran
Structure Header File.
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(FileHeader ) Metadata
[InputRecord J Metadata
(NavigationRecord ) Metadata
//:[Filelnfo ) Metadata

()
.\%
®

Figure 8: Data Format Structure for GMIBASE, GMI Antenna Temperatures
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©

Z
N

(S1_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 273 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
(calibration 580 bytes)
Gal2 2008 bytes)
[moonVectorInstFrame 4 bytes]

CcalCounts 5422 bytes)
CsunData 40 bytes)
[incidenceAngle 4 bytes]
[satAzimuthAngle 4 bytes]
[solarZenAngle 4 bytes)
[solarAzimuthAngle 4 bytes]
[sunGlintAngle 4 bytes]
[magneticFieldVector 4 bytes)
[earthViewCounts 2 bytesJ
[Ta 4 bytes]
[RFIFlag 2 bytes]

Figure 9: Data Format Structure for GMIBASE, S1

Metadata

Group: nscan

5 STANDARD GPM PRODUCTS

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

Array:

npixl x nscan
npixl x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npixl x nscan
npix1l x nscan
npixl x nscan

npix1l x nscan

: npix1 x nscan

: GMIxyz x nscan
: nchanl x npixl x nscan
nchanl x npixl x nscan

nfreql x npix1 x nscan
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()

Z
N

(S2_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 233 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
Galibration 260 bytes)
Gal2 998 bytes)
[moonVectorInstFrame 4 bytes]

CcalCounts 2422 bytes)
CsunData 40 bytes)
[incidenceAngle 4 bytes]
[satAzimuthAngle 4 bytes]
[solarZenAngle 4 bytes)
[solarAzimuthAngle 4 bytes]
[sunGlintAngle 4 bytes]
[magneticFieldVector 4 bytes)
[earthViewCounts 2 bytesJ
[Ta 4 bytes]
[RFIFlag 2 bytes]

Figure 10: Data Format Structure for GMIBASE, S2

Metadata

Group: nscan

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

Array:

npix2 x nscan
npix2 x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npix2 x nscan
npix2 x nscan
npix2 x nscan

npix2 x nscan

: npix2 x nscan

: GMIxyz x nscan
: nchan2 x npix2 x nscan
nchan2 x npix2 x nscan

nfreq2 x npix2 x nscan
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[SS,SwathHeader

] Metadata

CScanTime

19 bytes) Group: nscan

[Latitude

4 bytes) Array: npix3 x nscan

[Longitude

4 bytesJ Array: npix3 x nscan

— > (scanStatus

22 bytes) Group: nscan

\ Galibration

580 bytes) Group: nscan

[incidenceAngle

4 bytesJ Array: npix3 x nscan

(Ta

4 bytes] Array: nchanl x npix3 x nscan

[Count

2 bytes) Array: nchanl x npix3 x nscan

Figure 11: Data Format Structure for GMIBASE, S3

[S4,SwathHeader

] Metadata

CScanTime

19 bytes) Group: nscan

[Latitude

4 bytes] Array: npix4 x nscan

[Longitude

4 bytes) Array: npix4 x nscan

@ _ CscanStatus

22 bytesD Group: nscan

\ Galibration

260 bytes) Group: nscan

[incidenceAngle

4 bytes) Array: npix4 x nscan

(Ta

4 bytesJ Array: nchan2 x npix4 x nscan

[count

2 bytes] Array: nchan2 x npix4 x nscan

Figure 12: Data Format Structure for GMIBASE, S4

[Year

2 bytesJ Array: nscan

[Month

1 byte | Array: nscan

[DayOfMonth

Array: nscan

- (Hour

Array: nscan

)

\—> [Second

Array: nscan

[MilliSecond

2 bytes | Array: nscan

[DayOerar

)
)
)
1 byte] Array: nscan
)
)
)

2 bytes | Array: nscan

[SecondOfDay

8 bytes] Array: nscan

Figure 13: Data Format Structure for GMIBASE, S1, ScanTime
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[dataQuality 1 byte
[missing 1 byte
[modeStatus 1 byte
[geoError 2 bytes

/—> [geoWarning

_— [SCorientation

\—> [pointingStatus

[acsModeMidScan

[targetSelectionMidScan

[operationalMode

[FractionalGranuleNumber

8 bytes) Array:

Figure 14: Data Format Structure for GMIBASE, S1, scanStatus

[blanking

1 byte] Array:

[earthViewFirstSample

2 bytes

_— [sampleN umber

2 bytes

R [tachSeconds

\—> [tachSubSeconds

2 bytes

[indexP ulseSeconds

4 bytes

[indeXPulseSubSeconds

2 bytes) Array

Figure 15: Data Format Structure for GMIBASE, S1, sampleHeader

Array:

Array:

Array:

Array:

)
)
4 bytes ) Array:
)
)

. nscan

. nscan

: nscan

: nscan

I nscan

I nscan

. nscan

I nscan

. nscan

: nscan

nscan

nscan

nscan

ntach x nscan

ntach x nscan

nscan

I nscan

nsamt x nchanl x nscan
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[SCPOS

4 bytes

[chel

4 bytes

[scLat

4 bytes

[soLon

4 bytes

[scAlt

4 bytes

[dprAlt

4 bytes

/—> [scAtt RollGeoc

_— [scAttPitchGeoc

\—> [scAttYaWGeoc

[scAttRouGeod

[scAttPitchGeod

[scAttYaWGeod

[greenHourAng

[timeMidScan

8 bytes

[timeMidScanOffset

8 bytes) Array:

Array:
Array:
Array:
Array:

Array:

)
)
)
)
)
)
4 bytes ) Array:
)
)
)
)
)
)
)

XYZ

XYZ

nscan

nscan

nscan

. nscan

nscan

: nscan

I nscan

: nscan

. nscan

I nscan

. nscan

: nscan

nscan

5 STANDARD GPM PRODUCTS

X nscan

X nscan

Figure 16: Data Format Structure for GMIBASE, S1, navigation

___—(SCESELECTION
nav
T (SCERATE

2 bytes] Array: nscan

2 bytes) Array: nscan

Figure 17: Data Format Structure for GMIBASE, S1, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

4 bytes
[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain

4 bytes] Array:

Array:
Array:

Array:

)
)
)
)
)
)
)
4 bytes] Array:
)
)
)
)
)
)
)

Array:

55

nchanl x nscan

nchanl x nscan

nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

nchanl x nscan

: nchanl x nscan

: LNL x nchanl x nscan

: LNL x nchanl x nscan

: nchanl x nscan

. nscan

. nscan

nchanl x nscan

nchanl x nscan

Figure 18: Data Format Structure for GMIBASE, S1, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchanl x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchanl x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 19: Data Format Structure for GMIBASE, cal2



5.2 GMIBASE - GMI Antenna Temperatures

continued from last figure

[TEMPJSBGHZMXR

4 bytes] Array:

[TEMP,RS,MRl

4 bytes

[TEMP,RS,MRz

4 bytes

[MR,ICA,TEMP

4 bytes

4 bytes

- [MR,LR,LEFT,TEMP

[MR,LR,RGHT,TEMP

[MR,LR,LOWR,TEMP

[CSR,TEMPl

Array:
Array:
Array:

Array:

nscan

nscan

nscan

nscan

nscan

nscan

I nscan

4 bytes | Array: nscan

[CSR,TEMPQ

Array: nscan

[onOrbitDiodeExcessTemp

)
)
)
)
4 bytes ) Array:
)
)
)
)

4 bytes | Array: nchanl x nscan

[WarmlntrusionToColdVieWIndex

bytes

2] Array: nchanl x ncoldsl x nscan

Figure 20: Data Format Structure for GMIBASE, S1, cal2

hotLoadReading

2 bytes] Array: nhotsl x nchanl x nscan

2 bytesJ Array: ncoldsl x nchanl x nscan

calCounts |]—— | hotLoadnDiodeReading

2 bytes] Array: nhotsl x nchanl x nscan

(

/—> [coldLoadReading
(
(

coldLoadnDiodeReading

2 bytcs] Array: ncoldsl x nchanl x nscan

[hotLoadThermisterCount

2 bytesJ Array: ntherm x nscan

Figure 21: Data Format Structure for GMIBASE, S1, calCounts

4 bytes] Array: nscan

Array: nscan

Array: nscan

Array: nscan

Array: nscan

[solarBetaAngle
[phaseFromOrbitMidnight 4 bytes
/—» [sunEarthSeparation 4 bytes
— [earthAngularRadius 4 bytes
T [phaseOfEclipseExit 4 bytes
[orbitRate 4 bytes

Array: nscan

[timeSinceEclipseEntry

)
)
)
)
)
)

4 bytes | Array: nscan

[sunVectorInBodyFrame

4 bytes] Array: 3 x nscan

Figure 22: Data Format Structure for GMIBASE, S1, sunData

57
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[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

[DayOfMonth 1 byte | Array: nscan

)
)
)
/[Hour 1 byte] Array: nscan
)
)
)
)

Array: nscan

_— [Minute 1 byte
\—> [Second 1 byte

[Miuisecond 2 bytes

Array: nscan

Array: nscan

[DayOerar 2 bytes | Array: nscan

[SecondOfDay 8 bytes] Array: nscan

Figure 23: Data Format Structure for GMIBASE, S2, ScanTime

[dataQuality 1 byte] Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte | Array: nscan

[geoError 2 bytes | Array: nscan

)
)

)
/[geOWarning 2 bytes
—)[SCorientation 2 bytes) Array: nscan
)
)
)
)

Array: nscan

Array: nscan

\—> [pointingStatus 2 bytes

[acsModeMidScan 1 byte

Array: nscan

[targetSelectionMidScam 1 byte | Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes] Array: nscan

Figure 24: Data Format Structure for GMIBASE, S2, scanStatus

[blanking 1 byte] Array: nscan

[earthViewFirstSample 2 bytes | Array: nscan

Array: nsamt x nchan2 x nscan

/—> [sampleNumber 2 bytes

)

)
—»[taChSeconds 4 bytes] Array: ntach x nscan

)

)

\—> [tachSubSeconds 2 bytes

Array: ntach x nscan

[indexPulseSeconds 4 bytes | Array: nscan

[indexPulseSubSeconds 2 bytes] Array: nscan

Figure 25: Data Format Structure for GMIBASE, S2, sampleHeader
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[SCPOS 4 bytes | Array: XYZ x nscan

[chel 4 bytes | Array: XYZ x nscan

[scLat 4 bytes | Array: nscan

[soLon 4 bytes | Array: nscan

[scAlt 4 bytes | Array: nscan

[dprAlt 4 bytes

/—> [scAttRollGeoc 4 bytes

)
)
)
)
)
)
)
—»[scAttPitchGeoc 4 bytes) Array: nscan
)
)
)
)
)
)

Array: nscan

Array: nscan

\—> [scAttYaWGeoc 4 bytes

[scAttRollGeod 4 bytes

Array: nscan

Array: nscan

[scAttPitchGeod 4 bytes | Array: nscan

[scAttYaWGeod 4 bytes | Array: nscan

[greenHourAng 4 bytes | Array: nscan

[timeMidScan 8 bytes | Array: nscan

[timeMidScanOffset 8 bytes) Array: nscan

Figure 26: Data Format Structure for GMIBASE, S2, navigation

/[SCE,SELECTION 2 bytes] Array: nscan

\[SCE,RATE 2 bytes) Array: nscan

Figure 27: Data Format Structure for GMIBASE, S2, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

4 bytes
[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain

4 bytes] Array:

Array:
Array:

Array:

)
)
)
)
)
)
)
4 bytes] Array:
)
)
)
)
)
)
)

Array:

5 STANDARD GPM PRODUCTS

nchan2 x nscan
nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: LNL x nchan2 x nscan

: LNL x nchan2 x nscan

: nchan2 x nscan

. nscan

. nscan

nchan2 x nscan

nchan2 x nscan

Figure 28: Data Format Structure for GMIBASE, S2, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchan2 x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchan2 x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 29: Data Format Structure for GMIBASE, cal2



continued from last figure

[TEMPJSBGHZMXR

4 bytes] Array:

- [MR,LR,LEFT,TEMP

[TEMP,RS,MRI 4 bytes] Array:
[TEMP,RS,MRz 4 bytes] Array:
[MR,ICA,TEMP 4 bytes] Array:

4 bytesJ Array:
(MR LR RGHT_TEMP 4 bytes ] Array
[MR,LR,LOWR,TEMP 4 bytes] Array
[CSR,TEMPl 4 bytes] Array
[CSR,TEMPQ 4 bytes] Array
[onOrbitDiodeExcessTemp 4 bytes] Array:

[WarmlntrusionToColdVieWIndex

bytes

2] Array:

5 STANDARD GPM PRODUCTS

nscan
nscan
nscan
nscan

nscan

: nscan

I nscan

. nscan

: nscan

nchan2 x nscan

nchan2 x ncolds2 x nscan

Figure 30: Data Format Structure for GMIBASE, S2, cal2

hotLoadReading

2 bytes] Array:

2 bytesJ Array:

calCounts |]—— | hotLoadnDiodeReading

2 bytes] Array:

(

/—> [coldLoadReading
(
(

coldLoadnDiodeReading

2 bytcs] Array:

[hotLoadThermisterCount

2 bytesJ Array:

nhots2 x nchan2 x nscan

ncolds2 x nchan2 x nscan

nhots2 x nchan2 x nscan

ncolds2 x nchan2 x nscan

ntherm x nscan

Figure 31: Data Format Structure for GMIBASE, S2, calCounts

[solarBetaAngle 4 bytes] Array: nscan
[phaseFromOrbitMidnight 4 bytesJ Array: nscan
/—»[snnEarthSeparation 4 bytes] Array: nscan
/[earthAngularRadius 4 bytes] Array: nscan
\[phaseOfEclipseExit 4 bytesJ Array: nscan
[orbitRate 4 bytes] Array: nscan
[timeSinceEclipseEntry 4 bytes] Array: nscan

[sunVectorInBodyFrame

4 bytes] Array: 3 x nscan

Figure 32: Data Format Structure for GMIBASE, S2, sunData
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[Year 2 bytes] Array:

[Month 1 byte] Array:

[DayOfMonth 1 byte] Array

/[Hour 1 byte] Array:
—»[Minute 1 byte] Array
\[Second 1 byteJ Array

[Miuisecond 2 bytes] Array

[DayOerar 2 bytes] Array:

[Secondomay 8 bytes] Array:

Figure 33: Data Format Structure for GMIBASE, S3, ScanTime

nscan

nscan

. nscan

nscan

I nscan

. nscan

: nscan

nscan

nscan



64 5 STANDARD GPM PRODUCTS

[dataQuality 1 byte | Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte

)

)

)
[geoErmr 2 bytes] Array: nscan
;[geo\ﬂhrning 2 bytes] Array: nscan

)

)

)

)

)

Array: nscan

Array: nscan

—_ [SCorientation 2 bytes
% [pointingStatuS 2 bytes
[acsModeMidScan 1 byte

[targetSelectionMidScan 1 byte

Array: nscan

Array: nscan

Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes] Array: nscan

Figure 34: Data Format Structure for GMIBASE, S3, scanStatus

FileHeader (Metadata):
FileHeader contains general metadata. This group appears in all data products. See
Metadata for GPM Products for details.

InputRecord (Metadata):

InputRecord contains a record of input files for this granule. This group appears in Level
1 and Level 2 data products. Level 3 time averaged products have the same information
separated into 3 groups since they have many inputs. See Metadata for GPM Products
for details.

NavigationRecord (Metadata):
NavigationRecord contains navigation metadata for this granule. This group appears in
Level 1 and Level 2 data products. See Metadata for GPM Products for details.

FileInfo (Metadata):
FileInfo contains metadata used by the PPS I/O Toolkit (TKIO). This group appears in
all data products. See Metadata for GPM Products for details.

S1 (Swath)

S1_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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[hotLoadTemp 4 bytes) Array: nchanl x nscan
[ColdSkyTemp 4 bytesJ Array: nchanl x nscan
[onOrbitNonLinearity 4 bytes] Array: nchanl x nscan
[derivedNonLinearity 4 bytes) Array: nchanl x nscan
[meanHotLoadCount 4 bytesJ Array: nchanl x nscan
[meanHotLoaantnDiode 4 bytes] Array: nchanl x nscan
/[meanColdSkyCount 4 bytes) Array: nchanl x nscan
meanColdSkyCntnDiode 4 bytes | Array: nchanl x nscan
__—
T diodeExcessTem 4 bytes | Array: nchanl x nscan
P Y y
[gain 4 bytes] Array: LNL x nchanl x nscan
[oﬂ"set 4 bytes) Array: LNL x nchanl x nscan
[nonLinearGain 4 bytesJ Array: nchanl x nscan
[calibrationQCﬁag 2 bytes] Array: nscan
[diodeFlag 2 bytes) Array: nscan
[receiverTemp 4 bytesJ Array: nchanl x nscan
[receiverGain 4 bytes] Array: nchanl x nscan

Figure 35: Data Format Structure for GMIBASE, S3, calibration

[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

[DayOfMonth 1 byte | Array: nscan

[Hour 1 byte

)
)
)
_— )
—)[Minute 1 byte] Array: nscan
)
)
)

Array: nscan

\—> [Second 1 byte

[MilliSecond 2 bytes

Array: nscan

Array: nscan

[DayOerar 2 bytes | Array: nscan

[SecondOfDay 8 bytes] Array: nscan

Figure 36: Data Format Structure for GMIBASE, S4, ScanTime
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[dataQuality 1 byte
[missing 1 byte
[modeStatus 1 byte
[geoError 2 bytes

/—> [ geoWarning

_— [SCorientation

\—> [pointingStatus

[acsModeMidScan

[targetSelectionMidScan

[operationalMode

1 byte

[FractionalGranuleNumber

8 bytes] Array:

Array:
Array:

Array:

Array:

)
)
)
)
)
2 bytes ) Array:
)
)
)
)

5 STANDARD GPM PRODUCTS

nscan
nscan

nscan

. nscan

: nscan

nscan

. nscan

. nscan

. nscan

nscan

nscan

Figure 37: Data Format Structure for GMIBASE, S4, scanStatus

[hotLoadTemp 4 bytes
[ColdSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes
[derivedNonLinearity 4 bytes
[meanHotLoadCount 4 bytes

[meanHotLoaantnDiode

/ [meanCOIdSkyCoun‘c
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

4 bytes
[gain 4 bytes
[offset 4 bytes
[nonLinearGain 4 bytes
[CalibrationQCﬂag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain

4 bytes] Array:

Array:

Array:

)
)
)
)
)
)
)
4 bytes ) Array:
)
)
)
)
)
)
)

nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: LNL x nchan2 x nscan

: LNL x nchan2 x nscan

: nchan2 x nscan

: nscan

. nscan

: nchan2 x nscan

nchan2 x nscan

Figure 38: Data Format Structure for GMIBASE, S4, calibration
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ScanTime (Group in S1)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npixl x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix1 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S1)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode

S W N O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated
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12
13
14
15
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Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.
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Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOo ok W N O

|
(]
©

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

g s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):

The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

sampleHeader (Group in S1)

blanking (1-byte integer, array size: nscan):
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Value of O = Blanking off
Value of 1 = Blanking on

earthViewFirstSample (2-byte integer, array size: nscan):
Sample number of the first earth view. Values range from 0 to 512. Special values are

defined as:
-9999 Missing value

sampleNumber (2-byte integer, array size: nsamt x nchanl x nscan):

Number of valid samples in scan. Values range from 0 to 512. Special values are defined
as:

-9999 Missing value

tachSeconds (4-byte unsigned integer, array size: ntach x nscan):
Tachometer seconds. Values are in second. Special values are defined as:
0 Missing value

tachSubSeconds (2-byte unsigned integer, array size: ntach x nscan):
Tachometer sub_seconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

indexPulseSeconds (4-byte unsigned integer, array size: nscan):
Index Pulse seconds. Values are in second. Special values are defined as:
0 Missing value

indexPulseSubSeconds (2-byte unsigned integer, array size: nscan):
Index Pulse subseconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

navigation (Group in S1)

scPos (4-byte float, array size: XYZ x nscan):

The position vector(m) of the spacecraft in Earth-Centered Earth Fixed (ECEF) Coor-

dinates at the Scan mid-Time (i.e., time at the middle pixel/IFOV of the active scan

period). Values range from -10000000 to 10000000 m. Special values are defined as:
-9999.9 Missing value

scVel (4-byte float, array size: XYZ x nscan):
The velocity vector (ms™!) of the spacecraft in ECEF Coordinates at the Scan mid-Time.
Values range from -10000000 to 10000000 m/s. Special values are defined as:

-9999.9 Missing value

scLat (4-byte float, array size: nscan):
The geodedic latitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -70 to 70 degrees. Special values are defined as:

-9999.9 Missing value
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scLon (4-byte float, array size: nscan):
The geodedic longitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time. Values
range from 350000 to 500000 m. Special values are defined as:

-9999.9 Missing value

dprAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time from
DPR science telemetry. This is empty in non-DPR products. Values range from 350000
to 500000 m. Special values are defined as:

-9999.9 Missing value

scAttRollGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The or-
der of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Orbital Coordinates to the spacecraft body coordinates. Orbital
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geocentric nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Note this is geocentric, not geodetic, referenced, so that
pitch and roll will have twice orbital frequency components due to the onboard control
system following the oblate geodetic Earth horizon. Note also that the yaw value will
show an orbital frequency component relative to the Earth fixed ground track due to the
Earth rotation relative to inertial coordinates. Values range from -180 to 180 degrees.
Special values are defined as:

-9999.9 Missing value

scAttPitchGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler pitch angle (degrees) at the Scan mid-Time.
Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

scAttRollGeod (4-byte float, array size: nscan):

The geodetic satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The order
of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Fuler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Geodetic Coordinates to the spacecraft body coordinates. Geodetic
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
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Z-axis is toward the geodetic nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Values range from -180 to 180 degrees. Special values

are defined as:
-9999.9 Missing value

scAttPitchGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler pitch angle (degrees) at the Scan mid-Time. . Values

range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scAttYawGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

greenHour Ang (4-byte float, array size: nscan):
The rotation angle (degrees) from Geocentric Inertial Coordinates to Earth Fixed Coor-

dinates. Values range from 0 to 360 degrees. Special values are defined as:
-9999.9 Missing value

timeMidScan (8-byte float, array size: nscan):
The Scan mid-Time in GPS Atomic time, namely the seconds since 0000 UTC,6 Jan 1980.
timeMidScan is used as the reference time for the scPos and scVel values. Values range
from 0 to 10000000000 s. Special values are defined as:

-9999.9 Missing value

timeMidScanOffset (8-byte float, array size: nscan):
Offset from the secondary header packet time to the timeMidScan. Values range from 0

to 100 s. Special values are defined as:
-9999.9 Missing value

nav2 (Group in S1)

SCE_SELECTION (2-byte unsigned integer, array size: nscan):
The current SCE selection setting. Special values are defined as:
0 Missing value

SCE_RATE (2-byte unsigned integer, array size: nscan):
The SMA rotational rate reported by the SCE. To obtain the spin rate in RPM, multiply
SCE_RATE by 0.002999106 Values range from 1 to 65535 count. Special values are defined
as:

0 Missing value
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calibration (Group in S1)

hotLoadTemp (4-byte float, array size: nchanl x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchanl x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchanl x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchanl x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchanl x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchanl x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchanl x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchanl x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchanl x nscan):

gain[0] determine the total Ta gain. Ta=offset|0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]+gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchanl x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchanl x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchanl x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchanl x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

cal2 (Group in S1)

trayTemperatureCount (2-byte unsigned integer, array size: nscan):
Counts to derive hot load tray temperature. Values range from 0 to 65534 count. Special
values are defined as:

65535 Missing value
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trayTemperature (4-byte float, array size: nscan):
Derive hot load tray temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

moonlIndex (2-byte unsigned integer, array size: nchanl x nscan):
Index determined by the angle between moon vector and cold sample vectors. 0 means
angles between moon vector and all cold view vectors are greater than 5 degrees. Non-
zero value means the number of cold samples that may be contaminated by moon. Values
range from 0 to 100. Special values are defined as:

0 Missing value

noiseDiodeTemp (4-byte float, array size: nndiode x nscan):
Physical temperature of noise diode. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

TEMP_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

TEMP_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES 2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

NDIODE_MODE (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Mode. 0 = On every scan, 1 = On every other scan, 2
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= Off. Values range from 0 to 2 count. Special values are defined as:
65535 Missing value

RSST NDIODE ST (2-byte unsigned integer, array size: nscan):
Noise diode state during the scan. 0 = Noise diodes OFF for the scan, 1 = Noise diodes
ON for the scan. Values range from 0 to 1 count. Special values are defined as:

65535 Missing value

NDIODE10GHZNUM (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Start Sample Number, i.e., the sample number where
noise diodes are turned on. Values range from 0 to 500 count. Special values are defined
as:

65535 Missing value

hotLoadThermisterTemp (4-byte float, array size: ntherm x nchanl x nscan):
Hot Load Thermister Temperature of 11 PRTs. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

TEMP _CALRES 4 (2-byte unsigned integer, array size: nscan):
Low calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_5 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_6 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP _89GHZ_LO (4-byte float, array size: nscan):
89 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_166GHZ_LO (4-byte float, array size: nscan):

166 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_183GHZ_LO (4-byte float, array size: nscan):

183 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value
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TEMP_V89GHZMXR (4-byte float, array size: nscan):
89 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_H89GHZMXR (4-byte float, array size: nscan):
89 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_V166GHZMXR (4-byte float, array size: nscan):
166 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP H166GHZMXR (4-byte float, array size: nscan):
166 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_183GHZMXR (4-byte float, array size: nscan):

183 GHZ Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR1 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 1 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR2 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 2 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR_ICA _TEMP (4-byte float, array size: nscan):
Main Reflector Temperature Read By ICA Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR _LR_LEFT TEMP (4-byte float, array size: nscan):
Main Reflector left Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

MR _LR_RGHT _TEMP (4-byte float, array size: nscan):
Main Reflector right Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value
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MR_LR_LOWR_TEMP (4-byte float, array size: nscan):
Main Reflector lower Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

CSR_TEMP1 (4-byte float, array size: nscan):

Cold Sky Reflector Temperature 1 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

CSR_TEMP2 (4-byte float, array size: nscan):
Cold Sky Reflector Temperature 2 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

onOrbitDiodeExcessTemp (4-byte float, array size: nchanl x nscan):
Diode Excess Temperature derived from on orbit trended look-up tables as a function of
noise diode temperature from telemetry. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

WarmlIntrusionToColdViewIndex (2-byte unsigned integer, array size: nchanl x
ncoldsl x nscan):

Index flag to determine if a cold view sample is contaminated by certain warmer sources.
If the value is 0, the sample is good and the count is used in calibration. If the value is
non-zero, the sample is contaminated and excluded in calibration.

0: Good sample
1: Bad sample determined by limit check
2: Bad sample determined by 2D medium filter

Values range from 0 to 2. Special values are defined as:
65535 Missing value

moonVectorInstFrame (4-byte float, array size: GMIxyz x nscan):
The x, y, z components of the moon vector in the GMI instrument coordinate system.
Values are in counts. Special values are defined as:

-9999.9 Missing value

calCounts (Group in S1)

hotLoadReading (2-byte unsigned integer, array size: nhotsl x nchanl x nscan):
Hot Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value
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coldLoadReading (2-byte unsigned integer, array size: ncoldsl x nchanl x nscan):
Cold Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

hotLoadnDiodeReading (2-byte unsigned integer, array size: nhotsl x nchanl x nscan):
Hot Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

coldLoadnDiodeReading (2-byte unsigned integer, array size: ncoldsl x nchanl x
nscan):
Cold Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

hotLoadThermisterCount (2-byte unsigned integer, array size: ntherm x nscan):
Counts from 11 PRTs in the hot load Values range from 0 to 65534 count. Special values
are defined as:

65535 Missing value

sunData (Group in S1)

solarBetaAngle (4-byte float, array size: nscan):
Sun direction elevation from the orbit plane, positive toward orbit normal which is given
by the cross product of the spacecraft position and velocity vectors. Values range from
-89.0 to 89.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseFromOrbitMidnight (4-byte float, array size: nscan):

Phase angle of the Sun direction around the orbit plane, with zero phase in the direction of
the Earth center from the spacecraft and positive toward the spacecraft velocity direction
so the phase increases with time. Zero phase occurs at local orbit midnight, 90 degrees
occurs with the spacecraft over the Earth’s dawn terminator, 180 degrees occurs at local
orbit noon, and -90 degrees occurs with the spacecraft over the Earth’s dusk terminator.
Values range from -180.0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

sunEarthSeparation (4-byte float, array size: nscan):
The separation angle between the Sun and Earth directions from the spacecraft. Values
range from 0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

earthAngularRadius (4-byte float, array size: nscan):
The angle between the center of the Earth and the horizon edge. The sun is above
the Earth horizon when the sunEarthSeparation is greater than the earthAngularRadius.
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Values range from 69.0 to 80.0 degrees. Special values are defined as:
-9999.9 Missing value

phaseOfEclipseExit (4-byte float, array size: nscan):
The estimated phaseFromOrbitMidnight where the spacecraft leaves the Earth shadow,
based on the instantaneous solarBetaAngle and earthAngularRadius. Values range from
0.0 to 80.0 degrees. Special values are defined as:

-9999.9 Missing value

orbitRate (4-byte float, array size: nscan):

The instantaneous angular rate of the spacecraft around the orbit. Values range from
0.064 to 0.07 degrees/s. Special values are defined as:

-9999.9 Missing value

timeSinceEclipseEntry (4-byte float, array size: nscan):
The estimated duration in seconds since the last entry into the Earth’s shadow. Values
range from 0 to 5600.0 s. Special values are defined as:

-9999.9 Missing value

sunVectorInBodyFrame (4-byte float, array size: 3 x nscan):
The unit sun vector direction in the TMI instrument body coordinate frame, defined such
that +7 is nominally toward the Earth and gives the instrument spin axis, and data is
collected nominally centered about the +X direction. Values range from 0 to 1.0. Special
values are defined as:

-9999.9 Missing value

incidenceAngle (4-byte float, array size: npixl x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

sat AzimuthAngle (4-byte float, array size: npixl x nscan):

The angle clockwise looking down between the local pixel geodetic north and the direction

to the satellite. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarZenAngle (4-byte float, array size: npixl x nscan):
The angle between the local pixel geodetic zenith and the direction to the sun. Values

range from 0 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarAzimuthAngle (4-byte float, array size: npixl x nscan):
The angle clockwise looking down between the local pixel geodetic north and the direction
to the sun. Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

sunGlintAngle (4-byte float, array size: npixl x nscan):
Conceptually, the angle between the sun and the instrument view direction as reflected off
the Earth’s surface. More specifically, define a Sun Vector from the viewed pixel location
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on the earth ellipsiod-model surface to the sun. Also define an Inverse Satellite Vector
from the pixel to the satellite. Then reflect the Inverse Satellite Vector off the earth’s
surface at the pixel location to form the Reflected Satellite View Vector. sunGlintAngle
is the angular separation between the Reflected Satellite View Vector and the Sun Vector.
When sunGlintAngle is zero, the instrument views the center of the specular (mirror-like)
sun reflection. Values range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

magneticFieldVector (4-byte float, array size: GMIxyz x nscan):
Magnetometer volt reading in TAM (x, y, z) coordinate system. Used to perform along-
scan correction of earth view counts. (The TAM (x,y,z) coordinate system is similar to
GPM S/C coordinate system but y and z axis are rotated by 180 degrees.) Values range
from -500 to 500 V. Special values are defined as:

-9999.9 Missing value

earthViewCounts (2-byte unsigned integer, array size: nchanl x npix1 x nscan):
Earth view counts. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

Ta (4-byte float, array size: nchanl x npix1 x nscan):
Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

RFIFlag (2-byte integer, array size: nfreql x npixl x nscan):

Radio Frequency Interference (RFI) Flag. The flag is set
to non-zero if the pixel is contaminated by RFI according
to certain filters. Current values are:

Not affected by RFI.

Affected by RFI with X-cal filter.
: Affected by RFI with RSS filter.
3-7: Spare

-9999: Missing

N =~ O

S2 (Swath)

S2_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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ScanTime (Group in S2)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix2 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix2 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S2)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N+ O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not 0

Spare (always 0)
Non-routine operationalMode

S W N = O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated
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© 00 NO Ok WN -

e
= O

12
13
14
15

Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.
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Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOo ok W N O

|
(]
©

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

g s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):
The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

sampleHeader (Group in S2)

blanking (1-byte integer, array size: nscan):
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Value of O = Blanking off
Value of 1 = Blanking on

earthViewFirstSample (2-byte integer, array size: nscan):
Sample number of the first earth view. Values range from 0 to 512. Special values are

defined as:
-9999 Missing value

sampleNumber (2-byte integer, array size: nsamt x nchan2 x nscan):

Number of valid samples in scan. Values range from 0 to 512. Special values are defined
as:

-9999 Missing value

tachSeconds (4-byte unsigned integer, array size: ntach x nscan):
Tachometer seconds. Values are in second. Special values are defined as:
0 Missing value

tachSubSeconds (2-byte unsigned integer, array size: ntach x nscan):
Tachometer sub_seconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

indexPulseSeconds (4-byte unsigned integer, array size: nscan):
Index Pulse seconds. Values are in second. Special values are defined as:
0 Missing value

indexPulseSubSeconds (2-byte unsigned integer, array size: nscan):
Index Pulse subseconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

navigation (Group in S2)

scPos (4-byte float, array size: XYZ x nscan):

The position vector(m) of the spacecraft in Earth-Centered Earth Fixed (ECEF) Coor-

dinates at the Scan mid-Time (i.e., time at the middle pixel/IFOV of the active scan

period). Values range from -10000000 to 10000000 m. Special values are defined as:
-9999.9 Missing value

scVel (4-byte float, array size: XYZ x nscan):
The velocity vector (ms™!) of the spacecraft in ECEF Coordinates at the Scan mid-Time.
Values range from -10000000 to 10000000 m/s. Special values are defined as:

-9999.9 Missing value

scLat (4-byte float, array size: nscan):
The geodedic latitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -70 to 70 degrees. Special values are defined as:

-9999.9 Missing value
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scLon (4-byte float, array size: nscan):
The geodedic longitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time. Values
range from 350000 to 500000 m. Special values are defined as:

-9999.9 Missing value

dprAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time from
DPR science telemetry. This is empty in non-DPR products. Values range from 350000
to 500000 m. Special values are defined as:

-9999.9 Missing value

scAttRollGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The or-
der of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Orbital Coordinates to the spacecraft body coordinates. Orbital
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geocentric nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Note this is geocentric, not geodetic, referenced, so that
pitch and roll will have twice orbital frequency components due to the onboard control
system following the oblate geodetic Earth horizon. Note also that the yaw value will
show an orbital frequency component relative to the Earth fixed ground track due to the
Earth rotation relative to inertial coordinates. Values range from -180 to 180 degrees.
Special values are defined as:

-9999.9 Missing value

scAttPitchGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler pitch angle (degrees) at the Scan mid-Time.
Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

scAttRollGeod (4-byte float, array size: nscan):

The geodetic satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The order
of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Fuler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Geodetic Coordinates to the spacecraft body coordinates. Geodetic
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
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Z-axis is toward the geodetic nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Values range from -180 to 180 degrees. Special values

are defined as:
-9999.9 Missing value

scAttPitchGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler pitch angle (degrees) at the Scan mid-Time. . Values

range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scAttYawGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

greenHour Ang (4-byte float, array size: nscan):
The rotation angle (degrees) from Geocentric Inertial Coordinates to Earth Fixed Coor-
dinates. Values range from 0 to 360 degrees. Special values are defined as:

-9999.9 Missing value

timeMidScan (8-byte float, array size: nscan):
The Scan mid-Time in GPS Atomic time, namely the seconds since 0000 UTC,6 Jan 1980.
timeMidScan is used as the reference time for the scPos and scVel values. Values range
from 0 to 10000000000 s. Special values are defined as:

-9999.9 Missing value

timeMidScanOffset (8-byte float, array size: nscan):
Offset from the secondary header packet time to the timeMidScan. Values range from 0

to 100 s. Special values are defined as:
-9999.9 Missing value

nav2 (Group in S2)

SCE_SELECTION (2-byte unsigned integer, array size: nscan):
The current SCE selection setting. Special values are defined as:
0 Missing value

SCE_RATE (2-byte unsigned integer, array size: nscan):
The SMA rotational rate reported by the SCE. To obtain the spin rate in RPM, multiply
SCE_RATE by 0.002999106 Values range from 1 to 65535 count. Special values are defined
as:

0 Missing value
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calibration (Group in S2)

hotLoadTemp (4-byte float, array size: nchan2 x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchan2 x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchan2 x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchan2 x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchan2 x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchan2 x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchan2 x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchan2 x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchan2 x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchan2 x nscan):

gain[0] determine the total Ta gain. Ta=offset|0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]+gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchan2 x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchan2 x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchan2 x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchan2 x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

cal2 (Group in S2)

trayTemperatureCount (2-byte unsigned integer, array size: nscan):
Counts to derive hot load tray temperature. Values range from 0 to 65534 count. Special
values are defined as:

65535 Missing value
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trayTemperature (4-byte float, array size: nscan):
Derive hot load tray temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

moonlIndex (2-byte unsigned integer, array size: nchan2 x nscan):
Index determined by the angle between moon vector and cold sample vectors. 0 means
angles between moon vector and all cold view vectors are greater than 5 degrees. Non-
zero value means the number of cold samples that may be contaminated by moon. Values
range from 0 to 100. Special values are defined as:

0 Missing value

noiseDiodeTemp (4-byte float, array size: nndiode x nscan):
Physical temperature of noise diode. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

TEMP_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

TEMP_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES 2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

NDIODE_MODE (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Mode. 0 = On every scan, 1 = On every other scan, 2
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= Off. Values range from 0 to 2 count. Special values are defined as:
65535 Missing value

RSST NDIODE ST (2-byte unsigned integer, array size: nscan):
Noise diode state during the scan. 0 = Noise diodes OFF for the scan, 1 = Noise diodes
ON for the scan. Values range from 0 to 1 count. Special values are defined as:

65535 Missing value

NDIODE10GHZNUM (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Start Sample Number, i.e., the sample number where
noise diodes are turned on. Values range from 0 to 500 count. Special values are defined
as:

65535 Missing value

hotLoadThermisterTemp (4-byte float, array size: ntherm x nchan2 x nscan):
Hot Load Thermister Temperature of 11 PRTs. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

TEMP _CALRES 4 (2-byte unsigned integer, array size: nscan):
Low calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_5 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_6 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP _89GHZ_LO (4-byte float, array size: nscan):
89 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_166GHZ_LO (4-byte float, array size: nscan):

166 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_183GHZ_LO (4-byte float, array size: nscan):

183 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value
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TEMP_V89GHZMXR (4-byte float, array size: nscan):
89 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_H89GHZMXR (4-byte float, array size: nscan):
89 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_V166GHZMXR (4-byte float, array size: nscan):
166 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP H166GHZMXR (4-byte float, array size: nscan):
166 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_183GHZMXR (4-byte float, array size: nscan):

183 GHZ Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR1 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 1 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR2 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 2 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR_ICA _TEMP (4-byte float, array size: nscan):
Main Reflector Temperature Read By ICA Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR _LR_LEFT TEMP (4-byte float, array size: nscan):
Main Reflector left Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

MR _LR_RGHT _TEMP (4-byte float, array size: nscan):
Main Reflector right Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value
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MR_LR_LOWR_TEMP (4-byte float, array size: nscan):
Main Reflector lower Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

CSR_TEMP1 (4-byte float, array size: nscan):

Cold Sky Reflector Temperature 1 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

CSR_TEMP2 (4-byte float, array size: nscan):
Cold Sky Reflector Temperature 2 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

onOrbitDiodeExcessTemp (4-byte float, array size: nchan2 x nscan):
Diode Excess Temperature derived from on orbit trended look-up tables as a function of
noise diode temperature from telemetry. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

WarmlIntrusionToColdViewIndex (2-byte unsigned integer, array size: nchan2 x
ncolds2 x nscan):

Index flag to determine if a cold view sample is contaminated by certain warmer sources.
If the value is 0, the sample is good and the count is used in calibration. If the value is
non-zero, the sample is contaminated and excluded in calibration.

0: Good sample
1: Bad sample determined by limit check
2: Bad sample determined by 2D medium filter

Values range from 0 to 2. Special values are defined as:
65535 Missing value

moonVectorInstFrame (4-byte float, array size: GMIxyz x nscan):
The x, y, z components of the moon vector in the GMI instrument coordinate system.
Values are in counts. Special values are defined as:

-9999.9 Missing value

calCounts (Group in S2)

hotLoadReading (2-byte unsigned integer, array size: nhots2 x nchan2 x nscan):
Hot Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value
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coldLoadReading (2-byte unsigned integer, array size: ncolds2 x nchan2 x nscan):
Cold Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

hotLoadnDiodeReading (2-byte unsigned integer, array size: nhots2 x nchan2 x nscan):
Hot Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

coldLoadnDiodeReading (2-byte unsigned integer, array size: ncolds2 x nchan2 x
nscan):
Cold Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

hotLoadThermisterCount (2-byte unsigned integer, array size: ntherm x nscan):
Counts from 11 PRTs in the hot load Values range from 0 to 65534 count. Special values
are defined as:

65535 Missing value

sunData (Group in S2)

solarBetaAngle (4-byte float, array size: nscan):
Sun direction elevation from the orbit plane, positive toward orbit normal which is given
by the cross product of the spacecraft position and velocity vectors. Values range from
-89.0 to 89.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseFromOrbitMidnight (4-byte float, array size: nscan):

Phase angle of the Sun direction around the orbit plane, with zero phase in the direction of
the Earth center from the spacecraft and positive toward the spacecraft velocity direction
so the phase increases with time. Zero phase occurs at local orbit midnight, 90 degrees
occurs with the spacecraft over the Earth’s dawn terminator, 180 degrees occurs at local
orbit noon, and -90 degrees occurs with the spacecraft over the Earth’s dusk terminator.
Values range from -180.0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

sunEarthSeparation (4-byte float, array size: nscan):
The separation angle between the Sun and Earth directions from the spacecraft. Values
range from 0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

earthAngularRadius (4-byte float, array size: nscan):
The angle between the center of the Earth and the horizon edge. The sun is above
the Earth horizon when the sunEarthSeparation is greater than the earthAngularRadius.
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Values range from 69.0 to 80.0 degrees. Special values are defined as:
-9999.9 Missing value

phaseOfEclipseExit (4-byte float, array size: nscan):
The estimated phaseFromOrbitMidnight where the spacecraft leaves the Earth shadow,
based on the instantaneous solarBetaAngle and earthAngularRadius. Values range from
0.0 to 80.0 degrees. Special values are defined as:

-9999.9 Missing value

orbitRate (4-byte float, array size: nscan):

The instantaneous angular rate of the spacecraft around the orbit. Values range from
0.064 to 0.07 degrees/s. Special values are defined as:

-9999.9 Missing value

timeSinceEclipseEntry (4-byte float, array size: nscan):
The estimated duration in seconds since the last entry into the Earth’s shadow. Values
range from 0 to 5600.0 s. Special values are defined as:

-9999.9 Missing value

sunVectorInBodyFrame (4-byte float, array size: 3 x nscan):
The unit sun vector direction in the TMI instrument body coordinate frame, defined such
that +7 is nominally toward the Earth and gives the instrument spin axis, and data is
collected nominally centered about the +X direction. Values range from 0 to 1.0. Special
values are defined as:

-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix2 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

sat AzimuthAngle (4-byte float, array size: npix2 x nscan):

The angle clockwise looking down between the local pixel geodetic north and the direction

to the satellite. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarZenAngle (4-byte float, array size: npix2 x nscan):
The angle between the local pixel geodetic zenith and the direction to the sun. Values

range from 0 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarAzimuthAngle (4-byte float, array size: npix2 x nscan):
The angle clockwise looking down between the local pixel geodetic north and the direction
to the sun. Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

sunGlintAngle (4-byte float, array size: npix2 x nscan):
Conceptually, the angle between the sun and the instrument view direction as reflected off
the Earth’s surface. More specifically, define a Sun Vector from the viewed pixel location
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on the earth ellipsiod-model surface to the sun. Also define an Inverse Satellite Vector
from the pixel to the satellite. Then reflect the Inverse Satellite Vector off the earth’s
surface at the pixel location to form the Reflected Satellite View Vector. sunGlintAngle
is the angular separation between the Reflected Satellite View Vector and the Sun Vector.
When sunGlintAngle is zero, the instrument views the center of the specular (mirror-like)
sun reflection. Values range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

magneticFieldVector (4-byte float, array size: GMIxyz x nscan):
Magnetometer volt reading in TAM (x, y, z) coordinate system. Used to perform along-
scan correction of earth view counts. (The TAM (x,y,z) coordinate system is similar to
GPM S/C coordinate system but y and z axis are rotated by 180 degrees.) Values range
from -500 to 500 V. Special values are defined as:

-9999.9 Missing value

earthViewCounts (2-byte unsigned integer, array size: nchan2 x npix2 x nscan):
Earth view counts. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

Ta (4-byte float, array size: nchan2 x npix2 x nscan):
Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

RFIFlag (2-byte integer, array size: nfreq2 x npix2 x nscan):

Radio Frequency Interference (RFI) Flag. The flag is set
to non-zero if the pixel is contaminated by RFI according
to certain filters. Current values are:

Not affected by RFI.

Affected by RFI with X-cal filter.
: Affected by RFI with RSS filter.
3-7: Spare

-9999: Missing

N = O

S3 (Swath)

S3_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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ScanTime (Group in S3)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix3 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix3 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S3)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode

S W N O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated
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13
14
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Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.
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Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOoO ok W N O

|
(]
O

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):

The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

calibration (Group in S3)

hotLoadTemp (4-byte float, array size: nchanl x nscan):
The mean physical temperature for the temperature sensors attached to the hot load.
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For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchanl x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchanl x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchanl x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchanl x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchanl x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchanl x nscan):

The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp

+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchanl x nscan):
gain[0] determine the total Ta gain. Ta=offset[0]+gain[0]*earthCount+ nonLinearGa-
ian*earthCount*earthCount. Nonlinearity=offset[1]4+gain[1]*earthCount+ nonLinearGa-
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ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchanl x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchanl x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchanl x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchanl x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix3 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

Ta (4-byte float, array size: nchanl x npix3 x nscan):

Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

count (2-byte unsigned integer, array size: nchanl x npix3 x nscan):
Full scan count. Values range from 0 to 65534. Special values are defined as:
65535 Missing value
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S4 (Swath)

S4_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.

ScanTime (Group in S4)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):
4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix4 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
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is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:
-9999.9 Missing value

Longitude (4-byte float, array size: npix4 x nscan):

The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value

-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S4)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo o WN - O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:
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Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode
Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN = O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
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useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1

Ephemeris Gap Interpolated

Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

9 Fallback to GEONS ephemeris

10 Fallback to PVT ephemeris

11 Fallback to OBP ephemeris

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN O

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0 +X forward (yaw 0)
180 -X forward (yaw 180)
-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0 Nominal pointing in Mission Science Mode
1 GPS point solution stale and PVT ephemeris used
2 GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing
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acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.

Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOo Ok WN - O

|
©
©

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

g WD+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):
The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value
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calibration (Group in S4)

hotLoadTemp (4-byte float, array size: nchan2 x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchan2 x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchan2 x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchan2 x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchan2 x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchan2 x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchan2 x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchan2 x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchan2 x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchan2 x nscan):

gain[0] determine the total Ta gain. Ta=offset[0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]4gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchan2 x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchan2 x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchan2 x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchan2 x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix4 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

Ta (4-byte float, array size: nchan2 x npix4 x nscan):

Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value
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count (2-byte unsigned integer, array size: nchan2 x npix4 x nscan):
Full scan count. Values range from 0 to 65534. Special values are defined as:
65535 Missing value

C Structure Header file:

#ifndef _TK_GMIBASE_H_
#define _TK_GMIBASE_H_

#ifndef _LGMIBASE_S4_CALIBRATION_
#define _LGMIBASE_S4_CALIBRATION_

typedef struct {
float hotLoadTemp[4];
float coldSkyTemp [4];
float onOrbitNonLinearity[4];
float derivedNonLinearityl[4];
float meanHotLoadCount [4];
float meanHotLoadCntnDiode[4];
float meanColdSkyCount [4];
float meanColdSkyCntnDiode [4];
float diodeExcessTemp[4];
float gain[4][2];
float offset[4][2];
float nonLinearGain[4];
short calibration(Cflag;
short diodeFlag;
float receiverTemp[4];
float receiverGain[4];

} LGMIBASE_S4_CALIBRATION;

#endif

#ifndef _LGMIBASE_S4_SCANSTATUS_
#define _LGMIBASE_S4_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
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signed
signed
signed
double
} LGMIBASE

#endif

#ifndef _L
#define _L

typedef st
SCANTI
float
float
LGMIBA

LGMIBASE_S4_CALIBRATION calibration;

float

float

unsign
} LGMIBASE

#endif

#ifndef _L
#tdefine _L

typedef st
float
float
float
float
float
float
float
float
float
float
float
float
short
short
float

char acsModeMidScan;

char targetSelectionMidScan;
char operationalMode;
FractionalGranuleNumber;
S4_SCANSTATUS;

GMIBASE_S4_
GMIBASE_S4_

ruct {

ME ScanTime;

Latitude[500];

Longitude [500] ;
SE_S4_SCANSTATUS scanStatus;

incidenceAngle[500] ;
Ta[500] [4];

ed short count[500] [4];
_54;

GMIBASE_S3_CALIBRATION_
GMIBASE_S3_CALIBRATION_

ruct {

hotLoadTemp [9] ;
coldSkyTemp [9];
onOrbitNonLinearity[9];
derivedNonLinearity[9];
meanHotLoadCount [9] ;
meanHotLoadCntnDiode [9] ;
meanColdSkyCount [9] ;
meanColdSkyCntnDiode [9] ;
diodeExcessTemp[9];
gain[9] [2];

offset[9] [2];
nonlLinearGain[9];
calibrationQCflag;
diodeFlag;
receiverTemp[9];
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float receiverGain[9];
} LGMIBASE_S3_CALIBRATION;

#endif

#ifndef _LGMIBASE_S3_SCANSTATUS_
#define _LGMIBASE_S3_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASE_S3_SCANSTATUS;

#tendif

#ifndef _LGMIBASE_S3_
#define _LGMIBASE_S3_

typedef struct {
SCANTIME ScanTime;
float Latitude[500];
float Longitude[500];
LGMIBASE_S3_SCANSTATUS scanStatus;
LGMIBASE_S3_CALIBRATION calibration;
float incidenceAngle[500];
float Ta[500] [9];
unsigned short count[500] [9];

} LGMIBASE_S3;

#tendif

#ifndef _LGMIBASE_S2_SUNDATA_
#define _LGMIBASE_S2_SUNDATA_
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typedef struct {
float solarBetaAngle;
float phaseFromOrbitMidnight;
float sunEarthSeparation;
float earthAngularRadius;
float phaseOfEclipseExit;
float orbitRate;
float timeSinceEclipseEntry;
float sunVectorInBodyFrame[3];
} LGMIBASE_S2_SUNDATA;

#endif

#ifndef _LGMIBASE_S2_CALCOUNTS_
#define _LGMIBASE_S2_CALCOUNTS_

typedef struct {

unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short

hotLoadReading[4] [65] ;
coldLoadReading[4] [85];
hotLoadnDiodeReading[4] [65] ;
coldLoadnDiodeReading[4] [85];
hotLoadThermisterCount [11];

} LGMIBASE_S2_CALCOUNTS;

#endif

#ifndef _LGMIBASE_S2_CAL2_
#define _LGMIBASE_S2_CAL2_

typedef struct {
unsigned short trayTemperatureCount;
float trayTemperature;
unsigned short moonIndex[4];
float noiseDiodeTemp[6];

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short
short
short
short
short

TEMP_CALRES_2;
TEMP_CALRES_1;
RS_CALRES_2;
RS_CALRES_1;
BATC_CALRES_2;
BATC_CALRES_1;
NDIODE_MODE;
RSST_NDIODE_ST;
NDIODE10GHZNUM;
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float

hotLoadThermisterTemp [4] [11];

unsigned short TEMP_CALRES_4;
unsigned short TEMP_CALRES_5;
unsigned short TEMP_CALRES_6;

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

unsigned short WarmIntrusionToColdViewIndex[85] [4];

TEMP_89GHZ_LO;
TEMP_166GHZ_L0;
TEMP_183GHZ_L0;
TEMP_V89GHZMXR;
TEMP_H89GHZMXR;
TEMP_V166GHZMXR;
TEMP_H166GHZMXR;
TEMP_183GHZMXR;
TEMP_RS_MR1;
TEMP_RS_MR2;
MR_ICA_TEMP;
MR_LR_LEFT_TEMP;
MR_LR_RGHT_TEMP;
MR_LR_LOWR_TEMP;
CSR_TEMP1;
CSR_TEMP2;
onOrbitDiodeExcessTemp [4];

} LGMIBASE_S2_CAL2;

#endif

#ifndef _LGMIBASE_S2_CALIBRATION_
#define _LGMIBASE_S2_CALIBRATION_

typedef struct {

float
float
float
float
float
float
float
float
float
float
float
float
short

hotLoadTemp [4] ;
coldSkyTemp [4] ;
onOrbitNonLinearity[4];
derivedNonLinearity[4];
meanHotLoadCount [4] ;
meanHotLoadCntnDiode[4] ;
meanColdSkyCount [4] ;
meanColdSkyCntnDiode [4] ;
diodeExcessTemp[4] ;
gain[4] [2];

offset[4] [2];
nonlLinearGain[4];
calibrationQCflag;
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short diodeFlag;

float receiverTemp[4];

float receiverGain([4];
} LGMIBASE_S2_CALIBRATION;

#endif

#ifndef _LGMIBASE_S2_NAV2_
#define _LGMIBASE_S2_NAV2_

typedef struct {
unsigned short SCE_SELECTION;
unsigned short SCE_RATE;

} LGMIBASE_S2_NAV2;

#endif

#ifndef _LGMIBASE_S2_SAMPLEHEADER_
#define _LGMIBASE_S2_SAMPLEHEADER_

typedef struct {
signed char blanking;
short earthViewFirstSample;
short sampleNumber [4] [4];
unsigned int tachSeconds[32];
unsigned short tachSubSeconds[32];
unsigned int indexPulseSeconds;
unsigned short indexPulseSubSeconds;
} LGMIBASE_S2_SAMPLEHEADER;

#endif

#ifndef _LGMIBASE_S2_SCANSTATUS_
#define _LGMIBASE_S2_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
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signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASE_S2_SCANSTATUS;

#endif

#ifndef _LGMIBASE_S2_
#define _LGMIBASE_S2_

typedef struct {
SCANTIME ScanTime;
float Latitude[221];
float Longitude[221];
LGMIBASE_S2_SCANSTATUS scanStatus;

LGMIBASE_S2_SAMPLEHEADER sampleHeader;

NAVIGATION navigation;
LGMIBASE_S2_NAV2 nav2;

LGMIBASE_S2_CALIBRATION calibration;

LGMIBASE_S2_CAL2 cal2;

float moonVectorInstFrame[3];
LGMIBASE_S2_CALCOUNTS calCounts;
LGMIBASE_S2_SUNDATA sunData;
float incidenceAngle[221];

float satAzimuthAngle[221];
float solarZenAngle[221];

float solarAzimuthAngle[221];
float sunGlintAngle[221];

float magneticFieldVector([3];

unsigned short earthViewCounts[221] [4];

float Ta[221][4];
short RFIFlag[221][2];
} LGMIBASE_S2;

#endif

#ifndef _LGMIBASE_S1_SUNDATA_
#define _LGMIBASE_S1_SUNDATA_

typedef struct {
float solarBetaAngle;
float phaseFromOrbitMidnight;
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float sunEarthSeparation;

float earthAngularRadius;

float phaseOfEclipseExit;

float orbitRate;

float timeSinceEclipseEntry;

float sunVectorInBodyFrame[3];
} LGMIBASE_S1_SUNDATA;

#endif

#ifndef _LGMIBASE_S1_CALCOUNTS_
#define _LGMIBASE_S1_CALCOUNTS_

typedef struct {

unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short

hotLoadReading[9] [65] ;
coldLoadReading[9] [85] ;
hotLoadnDiodeReading[9] [65] ;
coldLoadnDiodeReading[9] [85] ;
hotLoadThermisterCount[11];

} LGMIBASE_S1_CALCOUNTS;

#endif

#ifndef _LGMIBASE_S1_CAL2_
#define _LGMIBASE_S1_CAL2_

typedef struct {
unsigned short trayTemperatureCount;
float trayTemperature;
unsigned short moonIndex[9];
float noiseDiodeTemp[6];

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short
short
short
short
short

TEMP_CALRES_2;
TEMP_CALRES_1;
RS_CALRES_2;
RS_CALRES_1;
BATC_CALRES_2;
BATC_CALRES_1;
NDIODE_MODE;
RSST_NDIODE_ST;
NDIODE10GHZNUM;

float hotLoadThermisterTemp[9] [11];
unsigned short TEMP_CALRES_4;
unsigned short TEMP_CALRES_5;
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unsigned short TEMP_CALRES_6;

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

unsigned short WarmIntrusionToColdViewIndex[85] [9];

TEMP_89GHZ_L0O;
TEMP_166GHZ_1.0;
TEMP_183GHZ_L0O;
TEMP_V89GHZMXR ;
TEMP_H89GHZMXR ;
TEMP_V166GHZMXR ;
TEMP_H166GHZMXR ;
TEMP_183GHZMXR;
TEMP_RS_MR1;
TEMP_RS_MR2;
MR_ICA_TEMP;
MR_LR_LEFT_TEMP;
MR_LR_RGHT_TEMP;
MR_LR_LOWR_TEMP;
CSR_TEMP1;
CSR_TEMP2;
onOrbitDiodeExcessTemp[9];

} LGMIBASE_S1_CAL2;

#endif

#ifndef _LGMIBASE_S1_CALIBRATION_
#define _LGMIBASE_S1_CALIBRATION_

typedef struct {

float
float
float
float
float
float
float
float
float
float
float
float
short
short
float
float

hotLoadTemp [9] ;
coldSkyTemp [9];
onOrbitNonLinearity[9];
derivedNonLinearity[9];
meanHotLoadCount [9] ;
meanHotLoadCntnDiode[9] ;
meanColdSkyCount [9] ;
meanColdSkyCntnDiode [9] ;
diodeExcessTemp[9];
gain[9] [2];

offset[9] [2];
nonlLinearGain[9];
calibrationQCflag;
diodeFlag;
receiverTemp[9] ;
receiverGain[9] ;

123



124

} LGMIBASE_S1_CALIBRATION;
#endif

#ifndef _LGMIBASE_S1_NAV2_
#define _LGMIBASE_S1_NAV2_

typedef struct {
unsigned short SCE_SELECTION;
unsigned short SCE_RATE;

} LGMIBASE_S1_NAV2;

#endif

#ifndef _NAVIGATION_
#define _NAVIGATION_

typedef struct {
float scPos[3];
float scVell3];
float sclat;
float sclon;
float scAlt;
float dprAlt;
float scAttRollGeoc;
float scAttPitchGeoc;
float scAttYawGeoc;
float scAttRollGeod;
float scAttPitchGeod;
float scAttYawGeod;
float greenHourAng;
double timeMidScan;
double timeMidScanOffset;
} NAVIGATION;

#endif

#ifndef _LGMIBASE_S1_SAMPLEHEADER_
#define _LGMIBASE_S1_SAMPLEHEADER_

typedef struct {
signed char blanking;
short earthViewFirstSample;
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short sampleNumber [9] [4];

unsigned int tachSeconds[32];

unsigned short tachSubSeconds[32];

unsigned int indexPulseSeconds;

unsigned short indexPulseSubSeconds;
} LGMIBASE_S1_SAMPLEHEADER;

#endif

#ifndef _LGMIBASE_S1_SCANSTATUS_
#define _LGMIBASE_S1_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASE_S1_SCANSTATUS;

#endif

#ifndef _SCANTIME_
#define _SCANTIME_

typedef struct {
short Year;
signed char Month;
signed char DayOfMonth;
signed char Hour;
signed char Minute;
signed char Second;
short MilliSecond;
short DayOfYear;
double SecondOfDay;
} SCANTIME;
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#endif

#ifndef _LGMIBASE_S1_
#define _LGMIBASE_S1_

typedef struct {
SCANTIME ScanTime;
float Latitude[221];
float Longitude[221];
LGMIBASE_S1_SCANSTATUS scanStatus;
LGMIBASE_S1_SAMPLEHEADER sampleHeader;
NAVIGATION navigation;
LGMIBASE_S1_NAV2 nav2;
LGMIBASE_S1_CALIBRATION calibration;
LGMIBASE_S1_CAL2 cal2;
float moonVectorInstFrame[3];
LGMIBASE_S1_CALCOUNTS calCounts;
LGMIBASE_S1_SUNDATA sunData;
float incidenceAngle[221];
float satAzimuthAngle[221];
float solarZenAngle[221];
float solarAzimuthAngle[221];
float sunGlintAngle[221];
float magneticFieldVector[3];
unsigned short earthViewCounts[221][9];
float Tal[221][9];
short RFIFlag[221] [5];

} LGMIBASE_S1;

#endif

#ifndef _LGMIBASE_SWATHS_
#define _LGMIBASE_SWATHS_

typedef struct {
LGMIBASE_S1 S1;
LGMIBASE_S2 S52;
LGMIBASE_S3 S3;
LGMIBASE_S4 54,

} LGMIBASE_SWATHS;

#endif
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#tendif

Fortran Structure Header file:

STRUCTURE /LGMIBASE_S4_CALIBRATION/
REAL*4 hotLoadTemp (4)
REAL*4 coldSkyTemp (4)
REAL*4 onOrbitNonLinearity(4)
REAL*4 derivedNonLinearity(4)
REAL*4 meanHotLoadCount (4)
REAL*4 meanHotLoadCntnDiode(4)
REAL*4 meanColdSkyCount (4)
REAL*4 meanColdSkyCntnDiode(4)
REAL*4 diodeExcessTemp(4)
REAL*4 gain(2,4)
REAL*4 offset(2,4)
REAL*4 nonLinearGain(4)
INTEGER*2 calibrationQCflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(4)
REAL*4 receiverGain(4)

END STRUCTURE

STRUCTURE /LGMIBASE_S4_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE

STRUCTURE /LGMIBASE_S4/
RECORD /SCANTIME/ ScanTime
REAL*4 Latitude(500)
REAL*4 Longitude(500)
RECORD /LGMIBASE_S4_SCANSTATUS/ scanStatus
RECORD /LGMIBASE_S4_CALIBRATION/ calibration
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REAL*4 incidenceAngle(500)
REAL*4 Ta(4,500)
INTEGER*2 count(4,500)

END STRUCTURE

STRUCTURE /LGMIBASE_S3_CALIBRATION/
REAL*4 hotLoadTemp(9)
REAL*4 coldSkyTemp (9)
REAL*4 onOrbitNonLinearity(9)
REAL*4 derivedNonLinearity(9)
REAL*4 meanHotLoadCount (9)
REAL*4 meanHotLoadCntnDiode(9)
REAL*4 meanColdSkyCount (9)
REAL*4 meanColdSkyCntnDiode(9)
REAL*4 diodeExcessTemp(9)
REAL*4 gain(2,9)
REAL*4 offset(2,9)
REAL*4 nonLinearGain(9)
INTEGER*2 calibrationQCflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(9)
REAL*4 receiverGain(9)

END STRUCTURE

STRUCTURE /LGMIBASE_S3_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE

STRUCTURE /LGMIBASE_S3/
RECORD /SCANTIME/ ScanTime
REAL*4 Latitude(500)
REAL*4 Longitude(500)
RECORD /LGMIBASE_S3_SCANSTATUS/ scanStatus
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RECORD /LGMIBASE_S3_CALIBRATION/ calibration
REAL*4 incidenceAngle (500)
REAL*4 Ta(9,500)
INTEGER*2 count(9,500)
END STRUCTURE

STRUCTURE /LGMIBASE_S2_SUNDATA/
REAL*4 solarBetaAngle
REAL*4 phaseFromOrbitMidnight
REAL*4 sunEarthSeparation
REAL*4 earthAngularRadius
REAL*4 phaseOfEclipseExit
REAL*4 orbitRate
REAL*4 timeSinceEclipseEntry
REAL*4 sunVectorInBodyFrame(3)
END STRUCTURE

STRUCTURE /LGMIBASE_S2_CALCOUNTS/
INTEGER*2 hotLoadReading(65,4)
INTEGER*2 coldLoadReading(85,4)
INTEGER*2 hotLoadnDiodeReading(65,4)
INTEGER*2 coldLoadnDiodeReading(85,4)
INTEGER*2 hotLoadThermisterCount (11)

END STRUCTURE

STRUCTURE /LGMIBASE_S2_CAL2/
INTEGER*2 trayTemperatureCount
REAL*4 trayTemperature
INTEGER*2 moonIndex(4)

REAL*4 noiseDiodeTemp(6)
INTEGER*2 TEMP_CALRES_2
INTEGER*2 TEMP_CALRES_1
INTEGER*2 RS_CALRES_2
INTEGER*2 RS_CALRES_1
INTEGER*2 BATC_CALRES_2
INTEGER*2 BATC_CALRES_1
INTEGER*2 NDIODE_MODE
INTEGER*2 RSST_NDIODE_ST
INTEGER*2 NDIODE1O0GHZNUM
REAL*4 hotLoadThermisterTemp(11,4)
INTEGER*2 TEMP_CALRES_4
INTEGER*2 TEMP_CALRES_5
INTEGER*2 TEMP_CALRES_6
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REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

TEMP_89GHZ_LO
TEMP_166GHZ_LO
TEMP_183GHZ_LO
TEMP_V89GHZMXR
TEMP_H89GHZMXR
TEMP_V166GHZMXR
TEMP_H166GHZMXR
TEMP_183GHZMXR
TEMP_RS_MR1
TEMP_RS_MR2
MR_ICA_TEMP
MR_LR_LEFT_TEMP
MR_LR_RGHT_TEMP
MR_LR_LOWR_TEMP
CSR_TEMP1
CSR_TEMP2
onOrbitDiodeExcessTemp (4)

INTEGER*2 WarmIntrusionToColdViewIndex(4,85)
END STRUCTURE

STRUCTURE /LGMIBASE_S2_CALIBRATION/

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

hotLoadTemp (4)
coldSkyTemp (4)
onOrbitNonLinearity(4)
derivedNonLinearity(4)
meanHotLoadCount (4)
meanHotLoadCntnDiode (4)
meanColdSkyCount (4)
meanColdSkyCntnDiode (4)
diodeExcessTemp(4)
gain(2,4)

offset(2,4)
nonLinearGain(4)

INTEGER*2 calibration(Cflag
INTEGER*2 diodeFlag

REAL*4
REAL*4

receiverTemp (4)
receiverGain(4)

END STRUCTURE

STRUCTURE /LGMIBASE_S2_NAV2/
INTEGER*2 SCE_SELECTION
INTEGER*2 SCE_RATE

END STRUCTURE
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STRUCTURE /LGMIBASE_S2_SAMPLEHEADER/
BYTE blanking
INTEGER*2 earthViewFirstSample
INTEGER*2 sampleNumber(4,4)
INTEGER*4 tachSeconds(32)
INTEGER*2 tachSubSeconds(32)
INTEGER*4 indexPulseSeconds
INTEGER*2 indexPulseSubSeconds

END STRUCTURE

STRUCTURE /LGMIBASE_S2_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode

REAL*8

FractionalGranuleNumber

END STRUCTURE

STRUCTURE /LGMIBASE_S2/

RECORD
REAL*4
REAL*4
RECORD
RECORD
RECORD
RECORD
RECORD
RECORD
REAL*4
RECORD
RECORD
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

/SCANTIME/ ScanTime

Latitude(221)

Longitude(221)
/LGMIBASE_S2_SCANSTATUS/ scanStatus
/LGMIBASE_S2_SAMPLEHEADER/ sampleHeader
/NAVIGATION/ navigation
/LGMIBASE_S2_NAV2/ nav2
/LGMIBASE_S2_CALIBRATION/ calibration
/LGMIBASE_S2_CAL2/ cal2
moonVectorInstFrame(3)
/LGMIBASE_S2_CALCOUNTS/ calCounts
/LGMIBASE_S2_SUNDATA/ sunData
incidenceAngle(221)
satAzimuthAngle(221)
solarZenAngle(221)
solarAzimuthAngle (221)
sunGlintAngle (221)
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REAL*4 magneticFieldVector(3)
INTEGER*2 earthViewCounts(4,221)
REAL*4 Ta(4,221)
INTEGER*2 RFIFlag(2,221)

END STRUCTURE

STRUCTURE /LGMIBASE_S1_SUNDATA/
REAL*4 solarBetaAngle
REAL*4 phaseFromOrbitMidnight
REAL*4 sunEarthSeparation
REAL*4 earthAngularRadius
REAL*4 phase0OfEclipseExit
REAL*4 orbitRate
REAL*4 timeSinceEclipseEntry
REAL*4 sunVectorInBodyFrame(3)
END STRUCTURE

STRUCTURE /LGMIBASE_S1_CALCOUNTS/
INTEGER*2 hotLoadReading(65,9)
INTEGER*2 coldLoadReading(85,9)
INTEGER*2 hotLoadnDiodeReading(65,9)
INTEGER*2 coldLoadnDiodeReading(85,9)
INTEGER*2 hotLoadThermisterCount (11)

END STRUCTURE

STRUCTURE /LGMIBASE_S1_CAL2/
INTEGER*2 trayTemperatureCount
REAL*4 trayTemperature
INTEGER*2 moonIndex(9)

REAL*4 noiseDiodeTemp(6)
INTEGER*2 TEMP_CALRES_2
INTEGER*2 TEMP_CALRES_1
INTEGER*2 RS_CALRES_2
INTEGER*2 RS_CALRES_1
INTEGER*2 BATC_CALRES_2
INTEGER*2 BATC_CALRES_1
INTEGER*2 NDIODE_MODE
INTEGER*2 RSST_NDIODE_ST
INTEGER*2 NDIODE1O0GHZNUM
REAL*4 hotLoadThermisterTemp(11,9)
INTEGER*2 TEMP_CALRES_4
INTEGER*2 TEMP_CALRES_5
INTEGER*2 TEMP_CALRES_6

5 STANDARD GPM PRODUCTS



5.2 GMIBASE - GMI Antenna Temperatures 133

REAL*4 TEMP_89GHZ_LO

REAL*4 TEMP_166GHZ_LO

REAL*4 TEMP_183GHZ_L0O

REAL*4 TEMP_V89GHZMXR

REAL*4 TEMP_H89GHZMXR

REAL*4 TEMP_V166GHZMXR

REAL*4 TEMP_H166GHZMXR

REAL*4 TEMP_183GHZMXR

REAL*4 TEMP_RS_MR1

REAL*4 TEMP_RS_MR2

REAL*4 MR_ICA_TEMP

REAL*4 MR_LR_LEFT_TEMP

REAL*4 MR_LR_RGHT_TEMP

REAL*4 MR_LR_LOWR_TEMP

REAL*4 CSR_TEMP1

REAL*4 CSR_TEMP2

REAL*4 onOrbitDiodeExcessTemp(9)

INTEGER*2 WarmIntrusionToColdViewIndex(9,85)
END STRUCTURE

STRUCTURE /LGMIBASE_S1_CALIBRATION/
REAL*4 hotLoadTemp(9)
REAL*4 coldSkyTemp(9)
REAL*4 onOrbitNonLinearity(9)
REAL*4 derivedNonLinearity(9)
REAL*4 meanHotLoadCount (9)
REAL*4 meanHotLoadCntnDiode(9)
REAL*4 meanColdSkyCount (9)
REAL*4 meanColdSkyCntnDiode(9)
REAL*4 diodeExcessTemp(9)
REAL*4 gain(2,9)
REAL*4 offset(2,9)
REAL*4 nonLinearGain(9)
INTEGER*2 calibration(Cflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(9)
REAL*4 receiverGain(9)

END STRUCTURE

STRUCTURE /LGMIBASE_S1_NAV2/
INTEGER*2 SCE_SELECTION
INTEGER*2 SCE_RATE

END STRUCTURE
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STRUCTURE /NAVIGATION/
REAL*4 scPos(3)
REAL*4 scVel(3)
REAL*4 scLat
REAL*4 scLon
REAL*4 scAlt
REAL*4 dprAlt
REAL*4 scAttRollGeoc
REAL*4 scAttPitchGeoc
REAL*4 scAttYawGeoc
REAL*4 scAttRollGeod
REAL*4 scAttPitchGeod
REAL*4 scAttYawGeod
REAL*4 greenHourAng
REAL*8 timeMidScan
REAL*8 timeMidScanOffset

END STRUCTURE

STRUCTURE /LGMIBASE_S1_SAMPLEHEADER/
BYTE blanking
INTEGER*2 earthViewFirstSample
INTEGER*2 sampleNumber (4,9)
INTEGER*4 tachSeconds(32)
INTEGER*2 tachSubSeconds(32)
INTEGER*4 indexPulseSeconds
INTEGER*2 indexPulseSubSeconds

END STRUCTURE

STRUCTURE /LGMIBASE_S1_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE

5 STANDARD GPM PRODUCTS
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STRUCTURE /SCANTIME/
INTEGER*2 Year
BYTE Month
BYTE DayOfMonth
BYTE Hour
BYTE Minute
BYTE Second
INTEGER*2 MilliSecond
INTEGER*2 DayOfYear

REAL*8

Second0fDay

END STRUCTURE

STRUCTURE /LGMIBASE_S1/

RECORD
REAL*4
REAL*4
RECORD
RECORD
RECORD
RECORD
RECORD
RECORD
REAL*4
RECORD
RECORD
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

/SCANTIME/ ScanTime

Latitude(221)

Longitude(221)
/LGMIBASE_S1_SCANSTATUS/ scanStatus
/LGMIBASE_S1_SAMPLEHEADER/ sampleHeader
/NAVIGATION/ navigation
/LGMIBASE_S1_NAV2/ nav2
/LGMIBASE_S1_CALIBRATION/ calibration
/LGMIBASE_S1_CAL2/ cal2
moonVectorInstFrame (3)
/LGMIBASE_S1_CALCOUNTS/ calCounts
/LGMIBASE_S1_SUNDATA/ sunData
incidenceAngle(221)
satAzimuthAngle (221)
solarZenAngle(221)
solarAzimuthAngle(221)
sunGlintAngle (221)
magneticFieldVector(3)

INTEGER*2 earthViewCounts(9,221)

REAL*4

Ta(9,221)

INTEGER*2 RFIFlag(5,221)
END STRUCTURE

STRUCTURE /LGMIBASE_SWATHS/

RECORD
RECORD
RECORD
RECORD

/LGMIBASE_S1/ S1
/LGMIBASE_S2/ S2
/LGMIBASE_S3/ S3
/LGMIBASE_S4/ S4

END STRUCTURE
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5.3 GMIBASERSS - GMI Antenna Temperatures

The GMI BASE Product, GMIBASERSS, ”GMI Antenna Temperatures,” is written as a
multi-Swath Structure. Swath S1 has channels 1-9: 10V 10H 19V 19H 23V 37V 37H 89V
89H. Swath S2 has channels 10-13: 166V 166H 183+ /-3V 183+ /-8V. GMIBASERSS is
like GMIBASE but has overlap of 200 scans on each end. The following sections describe

the structure and contents of the format.

Dimension definitions:

nscan var
nchanl 9
nchan?2 4
nfreql 5
nfreq?2 2
npix1 221
npix2 221
npix3 500
npix4 500
ncoldsl 85
ncolds2 85
nhotsl 65
nhots2 65
ntherm 11
LNL 2
nsamt 4
ntach 32
GMIxyz 3
nndiode 6
n7 7

Figure 39 through Figure 69 show the structure of this product. The text below describes
the contents of objects in the structure, the C Structure Header File and the Fortran

Number of scans in the granule.

Number of channels in Swath 1.

Number of channels in Swath 2.

Number of frequencies in Swath 1.

Number of frequencies in Swath 2.

Number of pixels in Swath 1.

Number of pixels in Swath 2.

Number of pixels in Swath 3.

Number of pixels in Swath 4.

Maximum number of cold samples in Swath 1.
Maximum number of cold samples in Swath 2.
Maximum number of hot samples in Swath 1.
Maximum number of hot samples in Swath 2.
Number of hot load thermisters.

Linear and non-linear.

Number of sample types. The types are: total science GSDR, earth-

view, hot load, cold sky.
Number of tachometer readings.

X, y, z components in GMI instrument coordinate system.

Number of noise diodes.
Number seven.

Structure Header File.
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(FileHeader ) Metadata
[InputRecord J Metadata
(NavigationRecord ) Metadata
//:[Filelnfo ) Metadata

()
.\%
®

Figure 39: Data Format Structure for GMIBASERSS, GMI Antenna Temperatures
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©

Z
N

(S1_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 273 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
(calibration 580 bytes)
Gal2 2008 bytes)
[moonVectorInstFrame 4 bytes]

calCounts 5422 bytes
C )
sunData 40 bytes
C )
incidenceAngle 4 bytes
[ J

satAzimuthAngle

solarZenAngle

solarAzimuthAngle

sunGlintAngle

magneticField Vector

earthViewCounts

Ta

4 bytes

(
(
(
(
(
(
(
(

RFIFlag

2 bytes) Array: nfreql x npixl x nscan

Figure 40: Data Format Structure for GMIBASERSS, S1

Metadata

Group: nscan

5 STANDARD GPM PRODUCTS

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

npixl x nscan
npixl x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npixl x nscan
npix1l x nscan
npixl x nscan

npix1l x nscan

: npix1 x nscan
: GMIxyz x nscan
: nchanl x npixl x nscan

nchanl x npixl x nscan
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()

Z
N

(S2_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 233 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
Galibration 260 bytes)
Gal2 998 bytes)
[moonVectorInstFrame 4 bytes]

CcalCounts 2422 bytes)
sunData 40 bytes
G )
incidenceAngle 4 bytes
( )

satAzimuthAngle

solarZenAngle

solarAzimuthAngle

sunGlintAngle

magneticField Vector

earthViewCounts

Ta

4 bytes

(
(
(
(
(
(
(
(

RFIFlag

2 bytes) Array: nfreq2 x npix2 x nscan

Figure 41: Data Format Structure for GMIBASERSS, S2

Metadata

Group: nscan

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

npix2 x nscan
npix2 x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npix2 x nscan
npix2 x nscan
npix2 x nscan

npix2 x nscan

: npix2 x nscan
: GMIxyz x nscan
: nchan2 x npix2 x nscan

nchan2 x npix2 x nscan
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[SS,SwathHeader ] Metadata

CScanTime 19 bytes) Group: nscan

[Latitude 4 bytes) Array: npix3 x nscan

[Longitude 4 bytesJ Array: npix3 x nscan
———— > (scanStatus 22 bytes) Group: nscan
\—»Galibration 580 bytes) Group: nscan

[incidenceAngle 4 bytesJ Array: npix3 x nscan

[Ta 4 bytes] Array: nchanl x npix3 x nscan

[Count 2 bytes) Array: nchanl x npix3 x nscan

Figure 42: Data Format Structure for GMIBASERSS, S3

[S4,SwathHeader ] Metadata
CScanTime 19 bytes) Group: nscan
[Latitude 4 bytes] Array: npix4 x nscan
[Longitude 4 bytes) Array: npix4 x nscan

@ _ CscanStatus

22 bytesD Group:

\ Galibration

260 bytes) Group:

[incidenceAngle

4 bytes) Array:

(Ta

4 bytesJ Array:

[count

2 bytes] Array:

nscan

nscan

npix4 x nscan

nchan2 x npix4 x nscan

nchan2 x npix4 x nscan

Figure 43: Data Format Structure for GMIBASERSS, S4

[Year

2 bytesJ Array: nscan

[Month

1 byte

[DayOfMonth

1 byte

- (Hour

1 byte

)

\—> [Second

[MilliSecond

[DayOerar

2 bytes

[SecondOfDay

)
)
)
1 byte] Array: nscan
)
)
)

Array: nscan
Array: nscan

Array: nscan

Array: nscan
Array: nscan

Array: nscan

8 bytes] Array: nscan

Figure 44: Data Format Structure for GMIBASERSS, S1, ScanTime
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[dataQuality 1 byte] Array

[missing 1 byte] Array
[modeStatus 1 byte] Array
[geoError 2 bytes] Array
/[geoWarning 2 bytes) Array
—)[SCorientation 2 bytes] Array
\[pointingStatus 2 bytes] Array
[acsModeMidScan 1 byte] Array
[targetSelectionMidScan 1 byte] Array
[operationalMode 1 byte] Array
[FractionalGranuleNumber 8 bytes) Array

Figure 45: Data Format Structure for GMIBASERSS, S1, scanStatus

[blanking

1 byte] Array:

[earthViewFirstSample

2 bytes

_— [sampleN umber

2 bytes

R [tachSeconds

\—> [tachSubSeconds

2 bytes

[indexP ulseSeconds

4 bytes

)
)
4 bytes
)
)

[indeXPulseSubSeconds

2 bytes) Array

Figure 46: Data Format Structure for GMIBASERSS, S1, sampleHeader

Array:
Array:
Array:
Array:

Array:

. nscan

. nscan

: nscan

: nscan

I nscan

I nscan

. nscan

I nscan

. nscan

: nscan

I nscan

nscan

nscan

ntach x nscan

ntach x nscan

nscan

I nscan

nsamt x nchanl x nscan
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[SCPOS

4 bytes

[chel

4 bytes

[scLat

4 bytes

[soLon

4 bytes

[scAlt

4 bytes

[dprAlt

4 bytes

/—> [scAtt RollGeoc

_— [scAttPitchGeoc

\—> [scAttYaWGeoc

[scAttRouGeod

[scAttPitchGeod

[scAttYaWGeod

[greenHourAng

[timeMidScan

8 bytes

[timeMidScanOffset

8 bytes) Array:

Array:
Array:
Array:
Array:

Array:

)
)
)
)
)
)
4 bytes ) Array:
)
)
)
)
)
)
)

XYZ

XYZ

nscan

nscan

nscan

. nscan

nscan

: nscan

I nscan

: nscan

. nscan

I nscan

. nscan

: nscan

nscan

5 STANDARD GPM PRODUCTS

X nscan

X nscan

Figure 47: Data Format Structure for GMIBASERSS, S1, navigation

___—(SCESELECTION
nav
T (SCERATE

2 bytes] Array: nscan

2 bytes) Array: nscan

Figure 48: Data Format Structure for GMIBASERSS, S1, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain 4 bytes

i
lon
<
o+
]
| N i N i Nl S N S N N Nl A Wl S Wl B Gl Gl A Gl A i A i S
=
s
<

Array:
Array:

Array:

nchanl x nscan

nchanl x nscan

nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: LNL x nchanl x nscan

: LNL x nchanl x nscan

: nchanl x nscan

. nscan

. nscan

: nchanl x nscan

: nchanl x nscan

Figure 49: Data Format Structure for GMIBASERSS, S1, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchanl x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchanl x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 50: Data Format Structure for GMIBASERSS, cal2
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continued from last figure

[TEMPJSBGHZMXR

4 bytes] Array:

[TEMP,RS,MRl

4 bytes

[TEMP,RS,MRz

4 bytes

[MR,ICA,TEMP

4 bytes

4 bytes

- [MR,LR,LEFT,TEMP

[MR,LR,RGHT,TEMP

[MR,LR,LOWR,TEMP

[CSR,TEMPl

4 bytes

[CSR,TEMPQ

[onOrbitDiodeExcessTemp

4 bytes

[WarmlntrusionToColdVieWIndex 2]
Array

bytes

Array:
Array:
Array:
Array:

)
)
)
)
4 bytes ) Array:
)
)
)
)

Array:

nscan

nscan

nscan

nscan

nscan

nscan

I nscan

. nscan

: nscan

nchanl x nscan

: nchanl x ncoldsl x nscan

Figure 51: Data Format Structure for GMIBASERSS, S1, cal2

hotLoadReading

2 bytes] Array: nhotsl x nchanl x nscan

2 bytesJ Array: ncoldsl x nchanl x nscan

calCounts |]—— | hotLoadnDiodeReading

2 bytes] Array: nhotsl x nchanl x nscan

(

/—> [coldLoadReading
(
(

2 bytcs] Array: ncoldsl x nchanl x nscan

s coldLoadnDiodeReading
[hotLoadThermisterCount

2 bytesJ Array: ntherm x nscan

Figure 52: Data Format Structure for GMIBASERSS, S1, calCounts

[solarBet aAngle

4 bytes] Array: nscan

4 bytesJ Array: nscan

4 bytes] Array: nscan

phaseFromOrbitMidnight
/—» sunEarthSeparation
[earthAngularRadius

4 bytes] Array: nscan

—
T [phaseOfEclipseExit

4 bytesJ Array: nscan

[orbitRate

4 bytes

[timeSinceEclipseEntry

)
)

4 bytes

[sunVectorInBodyFrame

Array: nscan

Array: nscan

4 bytes] Array: 3 x nscan

Figure 53: Data Format Structure for GMIBASERSS, S1, sunData
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[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

[DayOfMonth 1 byte | Array: nscan

)
)
)
/[Hour 1 byte] Array: nscan
)
)
)
)

Array: nscan

_— [Minute 1 byte
\—> [Second 1 byte

[Miuisecond 2 bytes

Array: nscan

Array: nscan

[DayOerar 2 bytes | Array: nscan

[SecondOfDay 8 bytes] Array: nscan

Figure 54: Data Format Structure for GMIBASERSS, S2, ScanTime

[dataQuality 1 byte] Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte | Array: nscan

[geoError 2 bytes | Array: nscan

/—> [geoWarning 2 bytes

)
)
)
)
- [Scorientation 2 bytes]
\[pointingStatus 2 bytes ] Array: nscan
)
)
)
)

Array: nscan

Array: nscan

[acsModeMidScan 1 byte | Array: nscan

[targetSelectionMidScam 1 byte | Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes | Array: nscan

Figure 55: Data Format Structure for GMIBASERSS, S2, scanStatus

[blanking 1 byte] Array: nscan

[earthViewFirstSample 2 bytes | Array: nscan

Array: nsamt x nchan2 x nscan

/—> [sampleNumber 2 bytes

)

)
—»[taChSeconds 4 bytes] Array: ntach x nscan

)

)

\—> [tachSubSeconds 2 bytes

Array: ntach x nscan

[indexPulseSeconds 4 bytes | Array: nscan

[indexPulseSubSeconds 2 bytes] Array: nscan

Figure 56: Data Format Structure for GMIBASERSS, S2, sampleHeader
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[SCPOS 4 bytes | Array: XYZ x nscan

[chel 4 bytes | Array: XYZ x nscan

[scLat 4 bytes | Array: nscan

[soLon 4 bytes | Array: nscan

[scAlt 4 bytes | Array: nscan

[dprAlt 4 bytes | Array: nscan

Array: nscan

R —— [scAttPitchGeoc 4 bytes

\—> [scAttYaWGeoc 4 bytes

[scAttRollGeod 4 bytes

Array: nscan

Array: nscan

[scAttPitchGeod 4 bytes | Array: nscan

[scAttYaWGeod 4 bytes | Array: nscan

[greenHourAng 4 bytes | Array: nscan

)
)
)
)
)
)
/[scAttRollGeoc 4 bytes ] Array: nscan
)
)
)
)
)
)
)

[timeMidScan 8 bytes | Array: nscan

[timeMidScanOffset 8 bytes) Array: nscan

Figure 57: Data Format Structure for GMIBASERSS, S2, navigation

/[SCE,SELECTION 2 bytes] Array: nscan
\[SCE,RATE 2 bytes) Array: nscan

Figure 58: Data Format Structure for GMIBASERSS, S2, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain 4 bytes

i
lon
<
o+
]
| N i N i Nl S N S N N Nl A Wl S Wl B Gl Gl A Gl A i A i S
=
s
<

Array:
Array:

Array:

5 STANDARD GPM PRODUCTS

nchan2 x nscan
nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: LNL x nchan2 x nscan

: LNL x nchan2 x nscan

: nchan2 x nscan

. nscan

. nscan

: nchan2 x nscan

: nchan2 x nscan

Figure 59: Data Format Structure for GMIBASERSS, S2, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchan2 x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchan2 x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 60: Data Format Structure for GMIBASERSS, cal2
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continued from last figure

[TEMPJSBGHZMXR 4 bytes] Array: nscan

[TEMP,RS,MRI 4 bytesJ Array: nscan

[TEMP,RS,MR2 4 bytes] Array: nscan

[MR,ICA,TEMP 4 bytes] Array: nscan

——)[MR,LR,LEFT,TEMP 4 bytes] Array: nscan

\—»[MR,LR,RGHT,TEMP 4 bytes] Array: nscan

[MR,LR,LOWR,TEMP 4 bytes] Array: nscan

[CSR,TEMPl 4 bytes] Array: nscan

[CSR,TEMP2 4 bytes] Array: nscan
[onOrbitDiodeExcessTemp 4 bytes] Array: nchan2 x nscan

[WarmlntruswnToColdVIeWIndex 2] Array: nchan? x ncolds2 x nscan

bytes

Figure 61: Data Format Structure for GMIBASERSS, S2, cal2

[hotLoadReading 2 bytes] Array: nhots2 x nchan2 x nscan
/—> [coldLoadReading 2 bytesJ Array: ncolds2 x nchan2 x nscan
—> [hotLoaaniodeReading 2 bytes] Array: nhots2 x nchan2 x nscan

s coldLoadnDiodeReading 2 bytcs] Array: ncolds2 x nchan2 x nscan
[hotLoadThermisterCount 2 bytesJ Array: ntherm x nscan

Figure 62: Data Format Structure for GMIBASERSS, S2, calCounts

[solarBetaAngle 4 bytes] Array: nscan

phaseFromOrbitMidnight 4 bytesJ Array: nscan

/—» sunEarthSeparation 4 bytes] Array: nscan

/[earthAngularRadius 4 bytes] Array: nscan
T [phaseOfEclipseExit 4 bytesJ

[orbitRate 4 bytes

Array: nscan

Array: nscan

)
)

[sunVectorInBodyFrame 4 bytes] Array: 3 x nscan

[timeSinceEclipseEntry 4 bytes | Array: nscan

Figure 63: Data Format Structure for GMIBASERSS, S2, sunData
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[Year 2 bytes] Array:

[Month 1 byte] Array:

[DayOfMonth 1 byte] Array

/[Hour 1 byte] Array:
—»[Minute 1 byte] Array
\[Second 1 byteJ Array

[Miuisecond 2 bytes] Array

[DayOerar 2 bytes] Array:

[Secondomay 8 bytes] Array:

Figure 64: Data Format Structure for GMIBASERSS, S3, ScanTime

nscan

nscan

. nscan

nscan

I nscan

. nscan

: nscan

nscan

nscan
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[dataQuality 1 byte | Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte

[geoError 2 bytes
4—»’ [geoWarning 2 bytes

)
)
)
)
)
—)[SCorientation 2 bytes] Array: nscan
)
)
)
)
)

Array: nscan

Array: nscan

Array: nscan

Array: nscan

%[pointingﬁtatus 2 bytes
[acsModeMidScan 1 byte

[targetSelectionMidScan 1 byte

Array: nscan

Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes

Figure 65: Data Format Structure for GMIBASERSS, S3, scanStatus

FileHeader (Metadata):
FileHeader contains general metadata. This group appears in all data products. See
Metadata for GPM Products for details.

InputRecord (Metadata):

InputRecord contains a record of input files for this granule. This group appears in Level
1 and Level 2 data products. Level 3 time averaged products have the same information
separated into 3 groups since they have many inputs. See Metadata for GPM Products
for details.

NavigationRecord (Metadata):
NavigationRecord contains navigation metadata for this granule. This group appears in
Level 1 and Level 2 data products. See Metadata for GPM Products for details.

FileInfo (Metadata):
FileInfo contains metadata used by the PPS I/O Toolkit (TKIO). This group appears in
all data products. See Metadata for GPM Products for details.

S1 (Swath)

S1_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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[hotLoadTemp 4 bytes) Array:
[coldSkyTemp 4 bytes] Array:
[onOrbitNonLinearity 4 bytes] Array:
[derivedNonLinearity 4 bytes) Array
[meanHotLoadCount 4 bytesJ Array
[meanHotLoaantnDiode 4 bytes] Array
/[meanColdSkyCount 4 bytes) Array
_— [meanColdSkndtnDiode 4 bytes) Array
T [diodeExcessTemp 4 bytes] Array
[gain 4 bytes] Array

[oﬂ"set 4 bytes) Array
[nonLinearGain 4 bytes] Array
[calibrationQCﬁag 2 bytes] Array
[diodeFlag 2 bytes) Array
[receiverTemp 4 bytes] Array
[receiverGain 4 bytes] Array:

Figure 66: Data Format Structure for GMIBASERSS, S3, calibration

Array:

Array:

Array:

[Year 2 bytes
[Month 1 byte
[DayOfMonth 1 byte
[Hour 1 byte

Array:

/
_— [Minute

\—> [Second

)
)
)
)
1 byte] Array:
)
)
)

Array:

1 byte
[MilliSecond 2 bytes
[DayOerar 2 bytes
[SecondOfDay

8 bytes] Array:

Figure 67: Data Format Structure for GMIBASERSS, S4, ScanTime

nchanl x nscan

nchanl x nscan

nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: LNL x nchanl x nscan

: LNL x nchanl x nscan

: nchanl x nscan

: nscan

I nscan

: nchanl x nscan

nchanl x nscan

nscan

nscan

nscan

nscan

nscan

. nscan

. nscan

nscan

nscan
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[dataQuality 1 byte
[missing 1 byte
[modeStatus 1 byte
[geoError 2 bytes

/—> [ geoWarning

_— [SCorientation

\—> [pointingStatus

[acsModeMidScan

[targetSelectionMidScan

[operationalMode

[FractionalGranuleNumber

8 bytes

no
(on
<
=+
%
— O U
>
|
&
<

Array:
Array:

Array:

Array:
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nscan
nscan

nscan

. nscan

: nscan

. nscan

. nscan

. nscan

. nscan

. nscan

nscan

Figure 68: Data Format Structure for GMIBASERSS, S4, scanStatus

[hotLoadTemp 4 bytes] Array:
[ColdSkyTemp 4 bytes) Array:
[onOrbitNonLinearity 4 bytes] Array
[derivedNonLinearity 4 bytes] Array
[meanHotLoadCount 4 bytes) Array
[meanHotLoaantnDiode 4 bytes] Array
/[meanCOIdSkyCount 4 bytes] Array
/[meanColdSkndtnDiode 4 bytes) Array
T [diodeExcessTemp 4 bytesJ Array
[gain 4 bytes] Array

[offset 4 bytes) Array
[nonLinearGain 4 bytesJ Array
[CalibrationQCﬂag 2 bytes] Array
[diodeFlag 2 bytes] Array
[receiverTemp 4 bytes) Array
[receiverGain 4 bytes] Array:

nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: LNL x nchan2 x nscan

: LNL x nchan2 x nscan

: nchan2 x nscan

: nscan

. nscan

: nchan2 x nscan

nchan2 x nscan

Figure 69: Data Format Structure for GMIBASERSS, S4, calibration
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ScanTime (Group in S1)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npixl x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix1 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S1)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode

S W N O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated
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Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.



5.3 GMIBASERSS - GMI Antenna Temperatures 159

Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOoO ok W N O

|
(]
O

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):

The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

sampleHeader (Group in S1)

blanking (1-byte integer, array size: nscan):
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Value of O = Blanking off
Value of 1 = Blanking on

earthViewFirstSample (2-byte integer, array size: nscan):

Sample number of the first earth view. Values range from 0 to 512. Special values are
defined as:

-9999 Missing value

sampleNumber (2-byte integer, array size: nsamt x nchanl x nscan):

Number of valid samples in scan. Values range from 0 to 512. Special values are defined
as:

-9999 Missing value

tachSeconds (4-byte unsigned integer, array size: ntach x nscan):
Tachometer seconds. Values are in second. Special values are defined as:
0 Missing value

tachSubSeconds (2-byte unsigned integer, array size: ntach x nscan):
Tachometer sub_seconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

indexPulseSeconds (4-byte unsigned integer, array size: nscan):
Index Pulse seconds. Values are in second. Special values are defined as:
0 Missing value

indexPulseSubSeconds (2-byte unsigned integer, array size: nscan):
Index Pulse subseconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

navigation (Group in S1)

scPos (4-byte float, array size: XYZ x nscan):

The position vector(m) of the spacecraft in Earth-Centered Earth Fixed (ECEF) Coor-

dinates at the Scan mid-Time (i.e., time at the middle pixel/IFOV of the active scan

period). Values range from -10000000 to 10000000 m. Special values are defined as:
-9999.9 Missing value

scVel (4-byte float, array size: XYZ x nscan):
The velocity vector (ms™!) of the spacecraft in ECEF Coordinates at the Scan mid-Time.
Values range from -10000000 to 10000000 m/s. Special values are defined as:

-9999.9 Missing value

scLat (4-byte float, array size: nscan):
The geodedic latitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -70 to 70 degrees. Special values are defined as:

-9999.9 Missing value
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scLon (4-byte float, array size: nscan):
The geodedic longitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time. Values
range from 350000 to 500000 m. Special values are defined as:

-9999.9 Missing value

dprAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time from
DPR science telemetry. This is empty in non-DPR products. Values range from 350000
to 500000 m. Special values are defined as:

-9999.9 Missing value

scAttRollGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The or-
der of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Orbital Coordinates to the spacecraft body coordinates. Orbital
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geocentric nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Note this is geocentric, not geodetic, referenced, so that
pitch and roll will have twice orbital frequency components due to the onboard control
system following the oblate geodetic Earth horizon. Note also that the yaw value will
show an orbital frequency component relative to the Earth fixed ground track due to the
Earth rotation relative to inertial coordinates. Values range from -180 to 180 degrees.
Special values are defined as:

-9999.9 Missing value

scAttPitchGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler pitch angle (degrees) at the Scan mid-Time.
Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

scAttRollGeod (4-byte float, array size: nscan):

The geodetic satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The order
of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Fuler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Geodetic Coordinates to the spacecraft body coordinates. Geodetic
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
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Z-axis is toward the geodetic nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Values range from -180 to 180 degrees. Special values

are defined as:
-9999.9 Missing value

scAttPitchGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler pitch angle (degrees) at the Scan mid-Time. . Values

range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scAttYawGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

greenHour Ang (4-byte float, array size: nscan):
The rotation angle (degrees) from Geocentric Inertial Coordinates to Earth Fixed Coor-

dinates. Values range from 0 to 360 degrees. Special values are defined as:
-9999.9 Missing value

timeMidScan (8-byte float, array size: nscan):
The Scan mid-Time in GPS Atomic time, namely the seconds since 0000 UTC,6 Jan 1980.
timeMidScan is used as the reference time for the scPos and scVel values. Values range
from 0 to 10000000000 s. Special values are defined as:

-9999.9 Missing value

timeMidScanOffset (8-byte float, array size: nscan):
Offset from the secondary header packet time to the timeMidScan. Values range from 0

to 100 s. Special values are defined as:
-9999.9 Missing value

nav2 (Group in S1)

SCE_SELECTION (2-byte unsigned integer, array size: nscan):
The current SCE selection setting. Special values are defined as:
0 Missing value

SCE_RATE (2-byte unsigned integer, array size: nscan):
The SMA rotational rate reported by the SCE. To obtain the spin rate in RPM, multiply
SCE_RATE by 0.002999106 Values range from 1 to 65535 count. Special values are defined
as:

0 Missing value
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calibration (Group in S1)

hotLoadTemp (4-byte float, array size: nchanl x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchanl x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchanl x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchanl x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchanl x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchanl x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchanl x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchanl x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchanl x nscan):

gain[0] determine the total Ta gain. Ta=offset|0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]+gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchanl x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchanl x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchanl x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchanl x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

cal2 (Group in S1)

trayTemperatureCount (2-byte unsigned integer, array size: nscan):
Counts to derive hot load tray temperature. Values range from 0 to 65534 count. Special
values are defined as:

65535 Missing value
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trayTemperature (4-byte float, array size: nscan):
Derive hot load tray temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

moonlIndex (2-byte unsigned integer, array size: nchanl x nscan):
Index determined by the angle between moon vector and cold sample vectors. 0 means
angles between moon vector and all cold view vectors are greater than 5 degrees. Non-
zero value means the number of cold samples that may be contaminated by moon. Values
range from 0 to 100. Special values are defined as:

0 Missing value

noiseDiodeTemp (4-byte float, array size: nndiode x nscan):
Physical temperature of noise diode. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

TEMP_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

TEMP_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES 2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

NDIODE_MODE (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Mode. 0 = On every scan, 1 = On every other scan, 2
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= Off. Values range from 0 to 2 count. Special values are defined as:
65535 Missing value

RSST NDIODE ST (2-byte unsigned integer, array size: nscan):
Noise diode state during the scan. 0 = Noise diodes OFF for the scan, 1 = Noise diodes
ON for the scan. Values range from 0 to 1 count. Special values are defined as:

65535 Missing value

NDIODE10GHZNUM (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Start Sample Number, i.e., the sample number where
noise diodes are turned on. Values range from 0 to 500 count. Special values are defined
as:

65535 Missing value

hotLoadThermisterTemp (4-byte float, array size: ntherm x nchanl x nscan):
Hot Load Thermister Temperature of 11 PRTs. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

TEMP _CALRES 4 (2-byte unsigned integer, array size: nscan):
Low calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_5 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_6 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP _89GHZ_LO (4-byte float, array size: nscan):
89 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_166GHZ_LO (4-byte float, array size: nscan):

166 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_183GHZ_LO (4-byte float, array size: nscan):

183 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value
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TEMP_V89GHZMXR (4-byte float, array size: nscan):
89 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_H89GHZMXR (4-byte float, array size: nscan):
89 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_V166GHZMXR (4-byte float, array size: nscan):
166 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP H166GHZMXR (4-byte float, array size: nscan):
166 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_183GHZMXR (4-byte float, array size: nscan):

183 GHZ Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR1 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 1 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR2 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 2 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR_ICA _TEMP (4-byte float, array size: nscan):
Main Reflector Temperature Read By ICA Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR _LR_LEFT TEMP (4-byte float, array size: nscan):
Main Reflector left Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

MR _LR_RGHT _TEMP (4-byte float, array size: nscan):
Main Reflector right Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value
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MR_LR_LOWR_TEMP (4-byte float, array size: nscan):
Main Reflector lower Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

CSR_TEMP1 (4-byte float, array size: nscan):

Cold Sky Reflector Temperature 1 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

CSR_TEMP2 (4-byte float, array size: nscan):
Cold Sky Reflector Temperature 2 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

onOrbitDiodeExcessTemp (4-byte float, array size: nchanl x nscan):
Diode Excess Temperature derived from on orbit trended look-up tables as a function of
noise diode temperature from telemetry. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

WarmlIntrusionToColdViewIndex (2-byte unsigned integer, array size: nchanl x
ncoldsl x nscan):

Index flag to determine if a cold view sample is contaminated by certain warmer sources.
If the value is 0, the sample is good and the count is used in calibration. If the value is
non-zero, the sample is contaminated and excluded in calibration.

0: Good sample
1: Bad sample determined by limit check
2: Bad sample determined by 2D medium filter

Values range from 0 to 2. Special values are defined as:
65535 Missing value

moonVectorInstFrame (4-byte float, array size: GMIxyz x nscan):
The x, y, z components of the moon vector in the GMI instrument coordinate system.
Values are in counts. Special values are defined as:

-9999.9 Missing value

calCounts (Group in S1)

hotLoadReading (2-byte unsigned integer, array size: nhotsl x nchanl x nscan):
Hot Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value
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coldLoadReading (2-byte unsigned integer, array size: ncoldsl x nchanl x nscan):
Cold Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

hotLoadnDiodeReading (2-byte unsigned integer, array size: nhotsl x nchanl x nscan):
Hot Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

coldLoadnDiodeReading (2-byte unsigned integer, array size: ncoldsl x nchanl x
nscan):
Cold Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

hotLoadThermisterCount (2-byte unsigned integer, array size: ntherm x nscan):
Counts from 11 PRTs in the hot load Values range from 0 to 65534 count. Special values
are defined as:

65535 Missing value

sunData (Group in S1)

solarBetaAngle (4-byte float, array size: nscan):
Sun direction elevation from the orbit plane, positive toward orbit normal which is given
by the cross product of the spacecraft position and velocity vectors. Values range from
-89.0 to 89.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseFromOrbitMidnight (4-byte float, array size: nscan):

Phase angle of the Sun direction around the orbit plane, with zero phase in the direction of
the Earth center from the spacecraft and positive toward the spacecraft velocity direction
so the phase increases with time. Zero phase occurs at local orbit midnight, 90 degrees
occurs with the spacecraft over the Earth’s dawn terminator, 180 degrees occurs at local
orbit noon, and -90 degrees occurs with the spacecraft over the Earth’s dusk terminator.
Values range from -180.0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

sunEarthSeparation (4-byte float, array size: nscan):
The separation angle between the Sun and Earth directions from the spacecraft. Values
range from 0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

earthAngularRadius (4-byte float, array size: nscan):
The angle between the center of the Earth and the horizon edge. The sun is above
the Earth horizon when the sunEarthSeparation is greater than the earthAngularRadius.



170 5 STANDARD GPM PRODUCTS

Values range from 69.0 to 80.0 degrees. Special values are defined as:
-9999.9 Missing value

phaseOfEclipseExit (4-byte float, array size: nscan):
The estimated phaseFromOrbitMidnight where the spacecraft leaves the Earth shadow,
based on the instantaneous solarBetaAngle and earthAngularRadius. Values range from
0.0 to 80.0 degrees. Special values are defined as:

-9999.9 Missing value

orbitRate (4-byte float, array size: nscan):

The instantaneous angular rate of the spacecraft around the orbit. Values range from
0.064 to 0.07 degrees/s. Special values are defined as:

-9999.9 Missing value

timeSinceEclipseEntry (4-byte float, array size: nscan):
The estimated duration in seconds since the last entry into the Earth’s shadow. Values

range from 0 to 5600.0 s. Special values are defined as:
-9999.9 Missing value

sunVectorInBodyFrame (4-byte float, array size: 3 x nscan):
The unit sun vector direction in the TMI instrument body coordinate frame, defined such
that +7 is nominally toward the Earth and gives the instrument spin axis, and data is
collected nominally centered about the +X direction. Values range from 0 to 1.0. Special
values are defined as:

-9999.9 Missing value

incidenceAngle (4-byte float, array size: npixl x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

sat AzimuthAngle (4-byte float, array size: npixl x nscan):

The angle clockwise looking down between the local pixel geodetic north and the direction

to the satellite. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarZenAngle (4-byte float, array size: npixl x nscan):
The angle between the local pixel geodetic zenith and the direction to the sun. Values
range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

solarAzimuthAngle (4-byte float, array size: npixl x nscan):
The angle clockwise looking down between the local pixel geodetic north and the direction

to the sun. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

sunGlintAngle (4-byte float, array size: npixl x nscan):
Conceptually, the angle between the sun and the instrument view direction as reflected off
the Earth’s surface. More specifically, define a Sun Vector from the viewed pixel location
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on the earth ellipsiod-model surface to the sun. Also define an Inverse Satellite Vector
from the pixel to the satellite. Then reflect the Inverse Satellite Vector off the earth’s
surface at the pixel location to form the Reflected Satellite View Vector. sunGlintAngle
is the angular separation between the Reflected Satellite View Vector and the Sun Vector.
When sunGlintAngle is zero, the instrument views the center of the specular (mirror-like)
sun reflection. Values range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

magneticFieldVector (4-byte float, array size: GMIxyz x nscan):
Magnetometer volt reading in TAM (x, y, z) coordinate system. Used to perform along-
scan correction of earth view counts. (The TAM (x,y,z) coordinate system is similar to
GPM S/C coordinate system but y and z axis are rotated by 180 degrees.) Values range
from -500 to 500 V. Special values are defined as:

-9999.9 Missing value

earthViewCounts (2-byte unsigned integer, array size: nchanl x npix1 x nscan):
Earth view counts. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

Ta (4-byte float, array size: nchanl x npix1 x nscan):
Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

RFIFlag (2-byte integer, array size: nfreql x npixl x nscan):

Radio Frequency Interference (RFI) Flag. The flag is set
to non-zero if the pixel is contaminated by RFI according
to certain filters. Current values are:

Not affected by RFI.

Affected by RFI with X-cal filter.
: Affected by RFI with RSS filter.
3-7: Spare

-9999: Missing

N =~ O

S2 (Swath)

S2_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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ScanTime (Group in S2)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix2 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix2 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S2)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N+ O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not 0

Spare (always 0)
Non-routine operationalMode

S W N = O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated



5.3 GMIBASERSS - GMI Antenna Temperatures 175

©O© 00 NO Ok WN -

N
= O

12
13
14
15

Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.
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Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOo ok W N O

|
(]
©

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

g s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):
The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

sampleHeader (Group in S2)

blanking (1-byte integer, array size: nscan):
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Value of O = Blanking off
Value of 1 = Blanking on

earthViewFirstSample (2-byte integer, array size: nscan):

Sample number of the first earth view. Values range from 0 to 512. Special values are
defined as:

-9999 Missing value

sampleNumber (2-byte integer, array size: nsamt x nchan2 x nscan):

Number of valid samples in scan. Values range from 0 to 512. Special values are defined
as:

-9999 Missing value

tachSeconds (4-byte unsigned integer, array size: ntach x nscan):
Tachometer seconds. Values are in second. Special values are defined as:
0 Missing value

tachSubSeconds (2-byte unsigned integer, array size: ntach x nscan):
Tachometer sub_seconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

indexPulseSeconds (4-byte unsigned integer, array size: nscan):
Index Pulse seconds. Values are in second. Special values are defined as:
0 Missing value

indexPulseSubSeconds (2-byte unsigned integer, array size: nscan):
Index Pulse subseconds. Values range from 0 to 62499 in units of 16 microseconds. The
missing value is 65535.

navigation (Group in S2)

scPos (4-byte float, array size: XYZ x nscan):

The position vector(m) of the spacecraft in Earth-Centered Earth Fixed (ECEF) Coor-

dinates at the Scan mid-Time (i.e., time at the middle pixel/IFOV of the active scan

period). Values range from -10000000 to 10000000 m. Special values are defined as:
-9999.9 Missing value

scVel (4-byte float, array size: XYZ x nscan):
The velocity vector (ms™!) of the spacecraft in ECEF Coordinates at the Scan mid-Time.
Values range from -10000000 to 10000000 m/s. Special values are defined as:

-9999.9 Missing value

scLat (4-byte float, array size: nscan):
The geodedic latitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -70 to 70 degrees. Special values are defined as:

-9999.9 Missing value



178 5 STANDARD GPM PRODUCTS

scLon (4-byte float, array size: nscan):
The geodedic longitude (decimal degrees) of the spacecraft at the Scan mid-Time. Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time. Values
range from 350000 to 500000 m. Special values are defined as:

-9999.9 Missing value

dprAlt (4-byte float, array size: nscan):
The altitude (m) of the spacecraft above the Earth Ellipsiod at the Scan mid-Time from
DPR science telemetry. This is empty in non-DPR products. Values range from 350000
to 500000 m. Special values are defined as:

-9999.9 Missing value

scAttRollGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The or-
der of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Euler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Orbital Coordinates to the spacecraft body coordinates. Orbital
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
Z-axis is toward the geocentric nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Note this is geocentric, not geodetic, referenced, so that
pitch and roll will have twice orbital frequency components due to the onboard control
system following the oblate geodetic Earth horizon. Note also that the yaw value will
show an orbital frequency component relative to the Earth fixed ground track due to the
Earth rotation relative to inertial coordinates. Values range from -180 to 180 degrees.
Special values are defined as:

-9999.9 Missing value

scAttPitchGeoc (4-byte float, array size: nscan):

The geocentric satellite attitude Euler pitch angle (degrees) at the Scan mid-Time.
Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeoc (4-byte float, array size: nscan):
The geocentric satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values

range from -135 to 225 degrees. Special values are defined as:
-9999.9 Missing value

scAttRollGeod (4-byte float, array size: nscan):

The geodetic satellite attitude Euler roll angle (degrees) at the Scan mid-Time. The order
of the components in the file is roll, pitch, and yaw. However, the angles are computed
using a 3-2-1 Fuler rotation sequence representing the rotation order yaw, pitch, and roll
for the rotation from Geodetic Coordinates to the spacecraft body coordinates. Geodetic
Coordinates represent an orthogonal triad in Geocentric Inertial Coordinates where the
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Z-axis is toward the geodetic nadir, the Y-axis is perpendicular to the spacecraft veloc-
ity opposite the orbit normal direction, and the X-axis is approximately in the velocity
direction for a near circular orbit. Values range from -180 to 180 degrees. Special values

are defined as:
-9999.9 Missing value

scAttPitchGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler pitch angle (degrees) at the Scan mid-Time. . Values
range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

scAttYawGeod (4-byte float, array size: nscan):
The geodedic satellite attitude Euler yaw angle (degrees) at the Scan mid-Time. Values
range from -135 to 225 degrees. Special values are defined as:

-9999.9 Missing value

greenHour Ang (4-byte float, array size: nscan):
The rotation angle (degrees) from Geocentric Inertial Coordinates to Earth Fixed Coor-
dinates. Values range from 0 to 360 degrees. Special values are defined as:

-9999.9 Missing value

timeMidScan (8-byte float, array size: nscan):
The Scan mid-Time in GPS Atomic time, namely the seconds since 0000 UTC,6 Jan 1980.
timeMidScan is used as the reference time for the scPos and scVel values. Values range
from 0 to 10000000000 s. Special values are defined as:

-9999.9 Missing value

timeMidScanOffset (8-byte float, array size: nscan):
Offset from the secondary header packet time to the timeMidScan. Values range from 0

to 100 s. Special values are defined as:
-9999.9 Missing value

nav2 (Group in S2)

SCE_SELECTION (2-byte unsigned integer, array size: nscan):
The current SCE selection setting. Special values are defined as:
0 Missing value

SCE_RATE (2-byte unsigned integer, array size: nscan):
The SMA rotational rate reported by the SCE. To obtain the spin rate in RPM, multiply
SCE_RATE by 0.002999106 Values range from 1 to 65535 count. Special values are defined
as:

0 Missing value
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calibration (Group in S2)

hotLoadTemp (4-byte float, array size: nchan2 x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchan2 x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchan2 x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchan2 x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchan2 x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchan2 x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchan2 x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchan2 x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchan2 x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchan2 x nscan):

gain[0] determine the total Ta gain. Ta=offset|0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]+gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchan2 x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchan2 x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchan2 x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchan2 x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

cal2 (Group in S2)

trayTemperatureCount (2-byte unsigned integer, array size: nscan):
Counts to derive hot load tray temperature. Values range from 0 to 65534 count. Special
values are defined as:

65535 Missing value
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trayTemperature (4-byte float, array size: nscan):
Derive hot load tray temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

moonlIndex (2-byte unsigned integer, array size: nchan2 x nscan):
Index determined by the angle between moon vector and cold sample vectors. 0 means
angles between moon vector and all cold view vectors are greater than 5 degrees. Non-
zero value means the number of cold samples that may be contaminated by moon. Values
range from 0 to 100. Special values are defined as:

0 Missing value

noiseDiodeTemp (4-byte float, array size: nndiode x nscan):
Physical temperature of noise diode. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

TEMP_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

TEMP_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for PRT temperature retrieval. Values range from
0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

RS_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for tray temperature and receiver temperature
retrieval. Values range from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES 2 (2-byte unsigned integer, array size: nscan):
Count of high calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

BATC_CALRES_1 (2-byte unsigned integer, array size: nscan):
Count of low calibration resistor used for noise diode temperature retrieval. Values range
from 0 to 65535 count. Special values are defined as:

0 Missing value

NDIODE_MODE (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Mode. 0 = On every scan, 1 = On every other scan, 2
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= Off. Values range from 0 to 2 count. Special values are defined as:
65535 Missing value

RSST NDIODE ST (2-byte unsigned integer, array size: nscan):
Noise diode state during the scan. 0 = Noise diodes OFF for the scan, 1 = Noise diodes
ON for the scan. Values range from 0 to 1 count. Special values are defined as:

65535 Missing value

NDIODE10GHZNUM (2-byte unsigned integer, array size: nscan):
RS configuration of Noise Diode Start Sample Number, i.e., the sample number where
noise diodes are turned on. Values range from 0 to 500 count. Special values are defined
as:

65535 Missing value

hotLoadThermisterTemp (4-byte float, array size: ntherm x nchan2 x nscan):
Hot Load Thermister Temperature of 11 PRTs. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

TEMP _CALRES 4 (2-byte unsigned integer, array size: nscan):
Low calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_5 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP_CALRES_6 (2-byte unsigned integer, array size: nscan):
High calibration resistor count. Values range from 0 to 65535 count. Special values are
defined as:

0 Missing value

TEMP _89GHZ_LO (4-byte float, array size: nscan):
89 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_166GHZ_LO (4-byte float, array size: nscan):

166 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value

TEMP_183GHZ_LO (4-byte float, array size: nscan):

183 GHZ Local Oscillator Temperature Values range from 0 to 500 K. Special values are
defined as:

-9999.9 Missing value
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TEMP_V89GHZMXR (4-byte float, array size: nscan):
89 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_H89GHZMXR (4-byte float, array size: nscan):
89 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_V166GHZMXR (4-byte float, array size: nscan):
166 GHZ V channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP H166GHZMXR (4-byte float, array size: nscan):
166 GHZ H channel Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

TEMP_183GHZMXR (4-byte float, array size: nscan):

183 GHZ Mixer PRE-AMP Temperature Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR1 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 1 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

TEMP_RS_MR2 (4-byte float, array size: nscan):
Main Reflector Temperature Read By RS 2 Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR_ICA _TEMP (4-byte float, array size: nscan):
Main Reflector Temperature Read By ICA Values range from 0 to 500 K. Special values
are defined as:

-9999.9 Missing value

MR _LR_LEFT TEMP (4-byte float, array size: nscan):
Main Reflector left Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

MR _LR_RGHT _TEMP (4-byte float, array size: nscan):
Main Reflector right Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value
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MR_LR_LOWR_TEMP (4-byte float, array size: nscan):
Main Reflector lower Launch Restraint Temperature Values range from 0 to 500 K. Special
values are defined as:

-9999.9 Missing value

CSR_TEMP1 (4-byte float, array size: nscan):

Cold Sky Reflector Temperature 1 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

CSR_TEMP2 (4-byte float, array size: nscan):
Cold Sky Reflector Temperature 2 Values range from 0 to 500 K. Special values are defined
as:

-9999.9 Missing value

onOrbitDiodeExcessTemp (4-byte float, array size: nchan2 x nscan):
Diode Excess Temperature derived from on orbit trended look-up tables as a function of
noise diode temperature from telemetry. Values range from 0 to 400 K. Special values are
defined as:

-9999.9 Missing value

WarmlIntrusionToColdViewIndex (2-byte unsigned integer, array size: nchan2 x
ncolds2 x nscan):

Index flag to determine if a cold view sample is contaminated by certain warmer sources.
If the value is 0, the sample is good and the count is used in calibration. If the value is
non-zero, the sample is contaminated and excluded in calibration.

0: Good sample
1: Bad sample determined by limit check
2: Bad sample determined by 2D medium filter

Values range from 0 to 2. Special values are defined as:
65535 Missing value

moonVectorInstFrame (4-byte float, array size: GMIxyz x nscan):
The x, y, z components of the moon vector in the GMI instrument coordinate system.
Values are in counts. Special values are defined as:

-9999.9 Missing value

calCounts (Group in S2)

hotLoadReading (2-byte unsigned integer, array size: nhots2 x nchan2 x nscan):
Hot Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value
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coldLoadReading (2-byte unsigned integer, array size: ncolds2 x nchan2 x nscan):
Cold Load Reading. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

hotLoadnDiodeReading (2-byte unsigned integer, array size: nhots2 x nchan2 x nscan):
Hot Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

coldLoadnDiodeReading (2-byte unsigned integer, array size: ncolds2 x nchan2 x
nscan):
Cold Load Plus Diode Reading. Values range from 0 to 65535 counts. Special values are
defined as:

0 Missing value

hotLoadThermisterCount (2-byte unsigned integer, array size: ntherm x nscan):
Counts from 11 PRTs in the hot load Values range from 0 to 65534 count. Special values
are defined as:

65535 Missing value

sunData (Group in S2)

solarBetaAngle (4-byte float, array size: nscan):
Sun direction elevation from the orbit plane, positive toward orbit normal which is given
by the cross product of the spacecraft position and velocity vectors. Values range from
-89.0 to 89.0 degrees. Special values are defined as:

-9999.9 Missing value

phaseFromOrbitMidnight (4-byte float, array size: nscan):

Phase angle of the Sun direction around the orbit plane, with zero phase in the direction of
the Earth center from the spacecraft and positive toward the spacecraft velocity direction
so the phase increases with time. Zero phase occurs at local orbit midnight, 90 degrees
occurs with the spacecraft over the Earth’s dawn terminator, 180 degrees occurs at local
orbit noon, and -90 degrees occurs with the spacecraft over the Earth’s dusk terminator.
Values range from -180.0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

sunEarthSeparation (4-byte float, array size: nscan):
The separation angle between the Sun and Earth directions from the spacecraft. Values
range from 0 to 180.0 degrees. Special values are defined as:

-9999.9 Missing value

earthAngularRadius (4-byte float, array size: nscan):
The angle between the center of the Earth and the horizon edge. The sun is above
the Earth horizon when the sunEarthSeparation is greater than the earthAngularRadius.
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Values range from 69.0 to 80.0 degrees. Special values are defined as:
-9999.9 Missing value

phaseOfEclipseExit (4-byte float, array size: nscan):
The estimated phaseFromOrbitMidnight where the spacecraft leaves the Earth shadow,
based on the instantaneous solarBetaAngle and earthAngularRadius. Values range from
0.0 to 80.0 degrees. Special values are defined as:

-9999.9 Missing value

orbitRate (4-byte float, array size: nscan):

The instantaneous angular rate of the spacecraft around the orbit. Values range from
0.064 to 0.07 degrees/s. Special values are defined as:

-9999.9 Missing value

timeSinceEclipseEntry (4-byte float, array size: nscan):
The estimated duration in seconds since the last entry into the Earth’s shadow. Values
range from 0 to 5600.0 s. Special values are defined as:

-9999.9 Missing value

sunVectorInBodyFrame (4-byte float, array size: 3 x nscan):
The unit sun vector direction in the TMI instrument body coordinate frame, defined such
that +7 is nominally toward the Earth and gives the instrument spin axis, and data is
collected nominally centered about the +X direction. Values range from 0 to 1.0. Special
values are defined as:

-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix2 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

sat AzimuthAngle (4-byte float, array size: npix2 x nscan):

The angle clockwise looking down between the local pixel geodetic north and the direction

to the satellite. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

solarZenAngle (4-byte float, array size: npix2 x nscan):
The angle between the local pixel geodetic zenith and the direction to the sun. Values
range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

solarAzimuthAngle (4-byte float, array size: npix2 x nscan):
The angle clockwise looking down between the local pixel geodetic north and the direction
to the sun. Values range from -180 to 180 degrees. Special values are defined as:

-9999.9 Missing value

sunGlintAngle (4-byte float, array size: npix2 x nscan):
Conceptually, the angle between the sun and the instrument view direction as reflected off
the Earth’s surface. More specifically, define a Sun Vector from the viewed pixel location
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on the earth ellipsiod-model surface to the sun. Also define an Inverse Satellite Vector
from the pixel to the satellite. Then reflect the Inverse Satellite Vector off the earth’s
surface at the pixel location to form the Reflected Satellite View Vector. sunGlintAngle
is the angular separation between the Reflected Satellite View Vector and the Sun Vector.
When sunGlintAngle is zero, the instrument views the center of the specular (mirror-like)
sun reflection. Values range from 0 to 180 degrees. Special values are defined as:

-9999.9 Missing value

magneticFieldVector (4-byte float, array size: GMIxyz x nscan):
Magnetometer volt reading in TAM (x, y, z) coordinate system. Used to perform along-
scan correction of earth view counts. (The TAM (x,y,z) coordinate system is similar to
GPM S/C coordinate system but y and z axis are rotated by 180 degrees.) Values range
from -500 to 500 V. Special values are defined as:

-9999.9 Missing value

earthViewCounts (2-byte unsigned integer, array size: nchan2 x npix2 x nscan):
Earth view counts. Values range from 0 to 65535 counts. Special values are defined as:
0 Missing value

Ta (4-byte float, array size: nchan2 x npix2 x nscan):
Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

RFIFlag (2-byte integer, array size: nfreq2 x npix2 x nscan):

Radio Frequency Interference (RFI) Flag. The flag is set
to non-zero if the pixel is contaminated by RFI according
to certain filters. Current values are:

Not affected by RFI.

Affected by RFI with X-cal filter.
: Affected by RFI with RSS filter.
3-7: Spare

-9999: Missing

N = O

S3 (Swath)

S3_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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ScanTime (Group in S3)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):

4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime_sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix3 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:

-9999.9 Missing value

Longitude (4-byte float, array size: npix3 x nscan):
The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value
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-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S3)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:

Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode

S W N O
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5 Spare (always 0)
6 Spare (always 0)
7  Spare (always 0)

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN - O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1
0 Ephemeris Gap Interpolated
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Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

Fallback to GEONS ephemeris

Fallback to PVT ephemeris

Fallback to OBP ephemeris

Spare (always 0)

Spare (always 0)

Spare (always 0)

Spare (always 0)

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0
180

+X forward (yaw 0)
-X forward (yaw 180)

-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0
1
2

Nominal pointing in Mission Science Mode
GPS point solution stale and PVT ephemeris used
GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing

acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.
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Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOoO ok W N O

|
(]
O

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

s NN+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):

The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value

calibration (Group in S3)

hotLoadTemp (4-byte float, array size: nchanl x nscan):
The mean physical temperature for the temperature sensors attached to the hot load.
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For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchanl x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchanl x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchanl x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchanl x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchanl x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchanl x nscan):
The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchanl x nscan):

The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp

+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchanl x nscan):
gain[0] determine the total Ta gain. Ta=offset[0]+gain[0]*earthCount+ nonLinearGa-
ian*earthCount*earthCount. Nonlinearity=offset[1]4+gain[1]*earthCount+ nonLinearGa-
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ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchanl x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchanl x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchanl x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchanl x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix3 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

Ta (4-byte float, array size: nchanl x npix3 x nscan):

Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

count (2-byte unsigned integer, array size: nchanl x npix3 x nscan):
Full scan count. Values range from 0 to 65534. Special values are defined as:
65535 Missing value
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S4 (Swath)

S4_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.

ScanTime (Group in S4)
A UTC time associated with the scan.

Year (2-byte integer, array size: nscan):
4-digit year, e.g., 1998. Values range from 1950 to 2100 years. Special values are defined
as:

-9999 Missing value

Month (1-byte integer, array size: nscan):
Month of the year. Values range from 1 to 12 months. Special values are defined as:
-99 Missing value

DayOfMonth (1-byte integer, array size: nscan):
Day of the month. Values range from 1 to 31 days. Special values are defined as:
-99 Missing value

Hour (1-byte integer, array size: nscan):
UTC hour of the day. Values range from 0 to 23 hours. Special values are defined as:
-99 Missing value

Minute (1-byte integer, array size: nscan):
Minute of the hour. Values range from 0 to 59 minutes. Special values are defined as:
-99 Missing value

Second (1-byte integer, array size: nscan):
Second of the minute. Values range from 0 to 60 s. Special values are defined as:
-99 Missing value

MilliSecond (2-byte integer, array size: nscan):
Thousandths of the second. Values range from 0 to 999 ms. Special values are defined as:
-9999 Missing value

DayOfYear (2-byte integer, array size: nscan):
Day of the year. Values range from 1 to 366 days. Special values are defined as:
-9999 Missing value

SecondOfDay (8-byte float, array size: nscan):
A time associated with the scan. scanTime sec is expressed as the UTC seconds of the
day. Values range from 0 to 86400 s. Special values are defined as:

-9999.9 Missing value

Latitude (4-byte float, array size: npix4 x nscan):
The earth latitude of the center of the IFOV at the altitude of the earth ellipsiod. Latitude
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is positive north, negative south. Values range from -90 to 90 degrees. Special values are
defined as:
-9999.9 Missing value

Longitude (4-byte float, array size: npix4 x nscan):

The earth longitude of the center of the IFOV at the altitude of the earth ellipsiod.
Longitude is positive east, negative west. A point on the 180th meridian has the value

-180 degrees. Values range from -180 to 180 degrees. Special values are defined as:
-9999.9 Missing value

scanStatus (Group in S4)

dataQuality (1-byte integer, array size: nscan):

A summary of data quality in the scan. Unless this is 0 (normal), the scan data is
meaningless to higher precipitation processing. Bit 0 is the least significant bit (i.e., if bit
i = 1 and other bits = 0, the unsigned integer value is 2**i).

Bit Meaning if bit =1

0 missing

5 geoError is not zero

6 modeStatus is not zero

missing (1-byte integer, array size: nscan):
Indicates whether information is contained in the scan data. The values are:

Bit Meaning if bit =1

Scan is missing

Science telemetry packet missing

Science telemetry segment withing packet missing
Science telemetry other missing

Housekeeping (HK) telemetry packet missing

Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo o WN - O

modeStatus (1-byte integer, array size: nscan):

A summary of status modes. If all status modes are routine, all bits in modeStatus = 0.
Routine means that scan data has been measured in the normal operational situation as
far as the status modes are concerned. modeStatus does not assess geolocation quality.
modeStatus is broken into 8 bit flags. Each bit = 0 if the status is routine but the bit =
1 if the status is not routine. Bit 0 is the least significant bit (i.e., if bit i = 1 and other
bits = 0, the unsigned integer value is 2**i). The non-routine situations follow:
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Bit Meaning if bit =1

Spare (always 0)
SCorientation not O or 180
pointingStatus not O

Spare (always 0)
Non-routine operationalMode
Spare (always 0)

Spare (always 0)

Spare (always 0)

~NOo ok W N O

geoError (2-byte integer, array size: nscan):

A summary of geolocation errors in the scan. geoError is used to set a bit in dataQuality.
A zero integer value of geoError indicates 'good’ geolocation. A non-zero value broken
down into the bit flags below indicates the specified reason, where bit 0 is the least
significant bit (i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i).

Bits 0, 4, 5, 8 and 9 are per pixel error flags. If the number of bad pixels (for any of the
reasons specified by these flags) is greater than the threshold then bit 7 = 1 and each of
these flags is set to 1 if any pixel is bad for that reason. At launch this threshold is zero,
so data is flagged if any pixel is bad. If the number of bad pixels is less than or equal to
the threshold then bit 7 = 0 and all of these flags are also 0.

Bit Meaning if bit =1

Latitude limit exceeded for viewed pixel locations
Negative scan time, invalid input

Error getting spacecraft attitude at scan mid-time
Error getting spacecraft ephemeris at scan mid-time
Invalid input non-unit ray vector for any pixel

Ray misses Earth for any pixel with normal pointing
Nadir calculation error for subsatellite position
Pixel count with geolocation error over threshold
Error in getting spacecraft attitude for any pixel
9 Error in getting spacecraft ephemeris for any pixel
10 Spare (always 0)

11 Spare (always 0)

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN = O

geoWarning (2-byte integer, array size: nscan):

A summary of geolocation warnings in the scan. geoWarning does not set a bit in
dataQuality. Warnings indicate unusual conditions. These conditions do not indicate
bad geolocation but are flagged as a warning that further review of the data may be
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useful. A zero integer value indicates usual geolocation. A non-zero value broken down
into the following bit flags indicates the following, where bit 0 is the least significant bit
(i.e., if bit i = 1 and other bits = 0 the unsigned integer value is 2**i):

Bit Meaning if bit =1

Ephemeris Gap Interpolated

Attitude Gap Interpolated

Attitude jump/discontinuity

Attitude out of range

Anomalous Time Step

GHA not calculated due to error

SunData (Group) not calculated due to error
Failure to calculate Sun in inertial coordinates
Fallback to GES ephemeris

9 Fallback to GEONS ephemeris

10 Fallback to PVT ephemeris

11 Fallback to OBP ephemeris

12 Spare (always 0)

13 Spare (always 0)

14 Spare (always 0)

15 Spare (always 0)

O NO Ok WN O

SCorientation (2-byte integer, array size: nscan):

The positive angle of the spacecraft vector (v) from the satellite forward direction of mo-
tion, measured clockwise facing down. We define v in the same direction as the spacecraft
axis +X, which is also the center of the GMI scan. If SCorientation is not 0 or 180, a bit
is set to 1 in modeStatus.

Value Meaning

0 +X forward (yaw 0)
180 -X forward (yaw 180)
-8000 Non-nominal pointing
-9999 Missing

pointingStatus (2-byte integer, array size: nscan):

pointingStatus is provided by the geo Toolkit. A value of zero means the pointing is
good. Non-zero values indicate non-nominal pointing. If pointingStatus is non-zero, a bit
in modeStatus is set to 1.

Value Meaning

0 Nominal pointing in Mission Science Mode
1 GPS point solution stale and PVT ephemeris used
2 GEONS solution stale and GEONS ephemeris used

-8000 Non-nominal mission science orientation
-9999 Missing
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acsModeMidScan (1-byte integer, array size: nscan):
acsModeMidScan is provided by the geo Toolkit as taken from Attitude Control System
telemetry and is provided in this format for information only.

Value Meaning

LAUNCH

RATENULL

SUNPOINT

GSPM (Gyro-less Sun Point)

MSM (Mission Science Mode)

SLEW

DELTAH

DELTAV

UNKNOWN -- ACS mode unavailable

~NOo Ok WN - O

|
©
©

targetSelectionMidScan (1-byte integer, array size: nscan):
targetSelectionMidScan is provided by the geo Toolkit as taken from Attitude Control
System telemetry and is provided in this format for information only.

Value Meaning

S/C Z axis nadir, +X in flight direction
Flight Z axis nadir, +X in flight direction
S/C Z axis nadir, -X in flight direction
Flight Z axis nadir, -X in flight direction
+90 yaw for DPR antenna pattern calibration
-90 yaw for DPR antenna pattern calibration
-99 Missing

g WD+~ O

operationalMode (1-byte integer, array size: nscan):
Status of the GMI instrument.

Bit Meaning if bit =1
0 Receiver status (0=0N, 1=0FF)
1  Spinup Status (0=0N, 1=0FF)

FractionalGranuleNumber (8-byte float, array size: nscan):
The floating point granule number. The granule begins at the Southern-most point of
the spacecraft’s trajectory. For example, FractionalGranuleNumber = 10.5 means the
spacecraft is halfway through granule 10 and starting the descending half of the granule.
Values range from 0 to 100000. Special values are defined as:

-9999.9 Missing value
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calibration (Group in S4)

hotLoadTemp (4-byte float, array size: nchan2 x nscan):

The mean physical temperature for the temperature sensors attached to the hot load.
For 10, 166, 183 GHZ channles, they are averages of PRT 1,7,8,9,10. For 18, 23, 36, 89
GHZ channels, they are averages of PRT 2,11,12,13,14. The values are corrected by tray
temperature and averaged over closest 5 scans Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

coldSkyTemp (4-byte float, array size: nchan2 x nscan):
The mean cold sky temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value

onOrbitNonLinearity (4-byte float, array size: nchan2 x nscan):
The on Orbit Non-Linearity Tnl computed from ground calibrated u look-up table . Values
range from 0 to 400 K. Special values are defined as:

-9999.9 Missing value

derivedNonLinearity (4-byte float, array size: nchan2 x nscan):
Non-Linearity Tnl derived from 4-point calibration. Values range from 0 to 400 K. Special
values are defined as:

-9999.9 Missing value

meanHotLoadCount (4-byte float, array size: nchan2 x nscan):
The mean Hot Load Count. Averaged over all Hot samples and closest 5 scans. Values
range from 0 to 65535 count. Special values are defined as:

-9999.9 Missing value

meanHotLoadCntnDiode (4-byte float, array size: nchan2 x nscan):
The mean coupled Hot Load Plus Noise Diode counts Averaged over all samples and
closest 5 scans. Values range from 0 to 65535. Special values are defined as:

-9999.9 Missing value

meanColdSkyCount (4-byte float, array size: nchan2 x nscan):
The mean Cold Sky Count.Averaged over all samples and closest 5 scans. Values range

from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

meanColdSkyCntnDiode (4-byte float, array size: nchan2 x nscan):

The mean coupled Cold Sky Plus Noise Diode counts, averaged over all samples and

closest 5 scans. Values range from 0 to 65535 count. Special values are defined as:
-9999.9 Missing value

diodeExcessTemp (4-byte float, array size: nchan2 x nscan):
The Noise Diode Excess Temperature. Cold and diode Coupled Temperature=diodeExcessTemp
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+ coldSkyTemp. Hot and diode Coupled Temperature=diodeExcessTemp + hotLoad-
Temp. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

gain (4-byte float, array size: LNL x nchan2 x nscan):

gain[0] determine the total Ta gain. Ta=offset[0]+gain[0]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Nonlinearity=offset[1]4gain[1]*earthCount+ nonLinearGa-

ian*earthCount*earthCount. Values range from 0 to 1 K. Special values are defined as:
-9999.9 Missing value

offset (4-byte float, array size: LNL x nchan2 x nscan):
Offset[0] determine the total Ta offset. min=-999 K (from -1 K), max=999 K (from 1 K).
Missing value is -9999.9.

nonLinearGain (4-byte float, array size: nchan2 x nscan):
The nonlinear gain. Values range from -1 to 1 K. Special values are defined as:
-9999.9 Missing value

calibrationQCflag (2-byte integer, array size: nscan):
calibrationQCflag. value 0 indicates good calibration. Values range from 0 to 15. Special
values are defined as:

-9999 Missing value

diodeFlag (2-byte integer, array size: nscan):

Diode flag.

O, Noise Diode on

2, Noise Diode off

5, Noise Diode status unknown

receiverTemp (4-byte float, array size: nchan2 x nscan):
The receiver temperature. Values range from 0 to 400 K. Special values are defined as:
-9999.9 Missing value

receiverGain (4-byte float, array size: nchan2 x nscan):
The receiver gain. Values range from 0 to 100. Special values are defined as:
-9999.9 Missing value

incidenceAngle (4-byte float, array size: npix4 x nscan):
The angle at the center of the IFOV between the antenna boresight vector and the zenith
vector normal to the Earth Ellipsiod. Also known as Satellite Zenith Angle. Values range
from 0 to 90 degrees. Special values are defined as:

-9999.9 Missing value

Ta (4-byte float, array size: nchan2 x npix4 x nscan):

Earth view antenna temperature. Values range from 0 to 400 K. Special values are defined
as:

-9999.9 Missing value
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count (2-byte unsigned integer, array size: nchan2 x npix4 x nscan):

Full scan count. Values range from 0 to 65534. Special values are defined as:

65535 Missing value
C Structure Header file:

#ifndef _TK_GMIBASERSS_H_
#define _TK_GMIBASERSS_H_

#ifndef _LGMIBASERSS_S4_CALIBRATION_
#define _LGMIBASERSS_S4_CALIBRATION_

typedef struct {
float hotLoadTemp[4];
float coldSkyTemp [4];
float onOrbitNonLinearity[4];
float derivedNonLinearityl[4];
float meanHotLoadCount [4];
float meanHotLoadCntnDiode[4];
float meanColdSkyCount [4];
float meanColdSkyCntnDiode [4];
float diodeExcessTemp[4];
float gain[4][2];
float offset[4][2];
float nonLinearGain[4];
short calibration(Cflag;
short diodeFlag;
float receiverTemp[4];
float receiverGain[4];

} LGMIBASERSS_S4_CALIBRATION;

#endif

#ifndef _LGMIBASERSS_S4_SCANSTATUS_
#define _LGMIBASERSS_S4_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
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signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASERSS_S4_SCANSTATUS;

#endif

#ifndef _LGMIBASERSS_S4_
#define _LGMIBASERSS_S4_

typedef struct {
SCANTIME ScanTime;

float
float

Latitude[500] ;
Longitude [600] ;

LGMIBASERSS_S4_SCANSTATUS scanStatus;

LGMIBASERSS_S4_CALIBRATION calibration;

float
float

incidenceAngle[500] ;
Ta[500] [4];

unsigned short count[500] [4];
} LGMIBASERSS_S4;

#endif

#ifndef _LGMIBASERSS_S3_CALIBRATION_
#define _LGMIBASERSS_S3_CALIBRATION_

typedef struct {

float
float
float
float
float
float
float
float
float
float
float
float
short
short
float

hotLoadTemp [9] ;
coldSkyTemp [9];
onOrbitNonLinearity[9];
derivedNonLinearity[9];
meanHotLoadCount [9] ;
meanHotLoadCntnDiode [9] ;
meanColdSkyCount [9] ;
meanColdSkyCntnDiode [9] ;
diodeExcessTemp[9];
gain[9] [2];

offset[9] [2];
nonlLinearGain[9];
calibrationQCflag;
diodeFlag;
receiverTemp[9];

5 STANDARD GPM PRODUCTS
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float receiverGain[9];
} LGMIBASERSS_S3_CALIBRATION;

#endif

#ifndef _LGMIBASERSS_S3_SCANSTATUS_
#define _LGMIBASERSS_S3_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASERSS_S3_SCANSTATUS;

#tendif

#ifndef _LGMIBASERSS_S3_
#define _LGMIBASERSS_S3_

typedef struct {
SCANTIME ScanTime;
float Latitude[500];
float Longitude[500];
LGMIBASERSS_S3_SCANSTATUS scanStatus;
LGMIBASERSS_S3_CALIBRATION calibration;
float incidenceAngle[500];
float Ta[500] [9];
unsigned short count[500] [9];

} LGMIBASERSS_S3;

#tendif

#ifndef _LGMIBASERSS_S2_SUNDATA_
#define _LGMIBASERSS_S2_SUNDATA_
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typedef struct {
float solarBetaAngle;
float phaseFromOrbitMidnight;
float sunEarthSeparation;
float earthAngularRadius;
float phaseOfEclipseExit;
float orbitRate;
float timeSinceEclipseEntry;
float sunVectorInBodyFrame[3];
} LGMIBASERSS_S2_SUNDATA;

#endif

#ifndef _LGMIBASERSS_S2_CALCOUNTS_
#define _LGMIBASERSS_S2_CALCOUNTS_

typedef struct {

unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short

hotLoadReading[4] [65] ;
coldLoadReading[4] [85];
hotLoadnDiodeReading[4] [65] ;
coldLoadnDiodeReading[4] [85];
hotLoadThermisterCount [11];

} LGMIBASERSS_S2_CALCOUNTS;

#endif

#ifndef _LGMIBASERSS_S2_CAL2_
#define _LGMIBASERSS_S2_CAL2_

typedef struct {
unsigned short trayTemperatureCount;
float trayTemperature;
unsigned short moonIndex[4];
float noiseDiodeTemp[6];

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short
short
short
short
short

TEMP_CALRES_2;
TEMP_CALRES_1;
RS_CALRES_2;
RS_CALRES_1;
BATC_CALRES_2;
BATC_CALRES_1;
NDIODE_MODE;
RSST_NDIODE_ST;
NDIODE10GHZNUM;
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float

hotLoadThermisterTemp [4] [11];

unsigned short TEMP_CALRES_4;
unsigned short TEMP_CALRES_5;
unsigned short TEMP_CALRES_6;

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

unsigned short WarmIntrusionToColdViewIndex[85] [4];

TEMP_89GHZ_LO;
TEMP_166GHZ_L0;
TEMP_183GHZ_L0;
TEMP_V89GHZMXR;
TEMP_H89GHZMXR;
TEMP_V166GHZMXR;
TEMP_H166GHZMXR;
TEMP_183GHZMXR;
TEMP_RS_MR1;
TEMP_RS_MR2;
MR_ICA_TEMP;
MR_LR_LEFT_TEMP;
MR_LR_RGHT_TEMP;
MR_LR_LOWR_TEMP;
CSR_TEMP1;
CSR_TEMP2;
onOrbitDiodeExcessTemp [4];

} LGMIBASERSS_S2_CAL2;

#endif

#ifndef _LGMIBASERSS_S2_CALIBRATION_
#define _LGMIBASERSS_S2_CALIBRATION_

typedef struct {

float
float
float
float
float
float
float
float
float
float
float
float
short

hotLoadTemp [4] ;
coldSkyTemp [4] ;
onOrbitNonLinearity[4];
derivedNonLinearity[4];
meanHotLoadCount [4] ;
meanHotLoadCntnDiode[4] ;
meanColdSkyCount [4] ;
meanColdSkyCntnDiode [4] ;
diodeExcessTemp[4] ;
gain[4] [2];

offset[4] [2];
nonlLinearGain[4];
calibrationQCflag;
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short diodeFlag;
float receiverTemp[4];
float receiverGain([4];

} LGMIBASERSS_S2_CALIBRATION;

#endif

#ifndef _LGMIBASERSS_S2_NAV2_
#define _LGMIBASERSS_S2_NAV2_

typedef struct {
unsigned short SCE_SELECTION;
unsigned short SCE_RATE;

} LGMIBASERSS_S2_NAV2;

#endif

#ifndef _LGMIBASERSS_S2_SAMPLEHEADER_
#define _LGMIBASERSS_S2_SAMPLEHEADER_

typedef struct {
signed char blanking;
short earthViewFirstSample;
short sampleNumber [4] [4];
unsigned int tachSeconds[32];
unsigned short tachSubSeconds[32];
unsigned int indexPulseSeconds;
unsigned short indexPulseSubSeconds;
} LGMIBASERSS_S2_SAMPLEHEADER;

#endif

#ifndef _LGMIBASERSS_S2_SCANSTATUS_
#define _LGMIBASERSS_S2_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
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signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASERSS_S2_SCANSTATUS;

#endif

#ifndef _LGMIBASERSS_S2_
#define _LGMIBASERSS_S2_

typedef struct {
SCANTIME ScanTime;
float Latitude[221];
float Longitude[221];
LGMIBASERSS_S2_SCANSTATUS scanStatus;
LGMIBASERSS_S2_SAMPLEHEADER sampleHeader;
NAVIGATION navigation;
LGMIBASERSS_S2_NAV2 nav2;
LGMIBASERSS_S2_CALIBRATION calibration;
LGMIBASERSS_S2_CAL2 cal2;
float moonVectorInstFrame[3];
LGMIBASERSS_S2_CALCOUNTS calCounts;
LGMIBASERSS_S2_SUNDATA sunData;
float incidenceAngle[221];
float satAzimuthAngle[221];
float solarZenAngle[221];
float solarAzimuthAngle[221];
float sunGlintAngle[221];
float magneticFieldVector([3];
unsigned short earthViewCounts[221] [4];
float Ta[221][4];
short RFIFlag[221][2];

} LGMIBASERSS_S2;

#endif

#ifndef _LGMIBASERSS_S1_SUNDATA_
#define _LGMIBASERSS_S1_SUNDATA_

typedef struct {
float solarBetaAngle;
float phaseFromOrbitMidnight;
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float sunEarthSeparation;

float earthAngularRadius;

float phaseOfEclipseExit;

float orbitRate;

float timeSinceEclipseEntry;

float sunVectorInBodyFrame[3];
} LGMIBASERSS_S1_SUNDATA;

#endif

#ifndef _LGMIBASERSS_S1_CALCOUNTS_
#define _LGMIBASERSS_S1_CALCOUNTS_

typedef struct {

unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short

hotLoadReading[9] [65] ;
coldLoadReading[9] [85] ;
hotLoadnDiodeReading[9] [65] ;
coldLoadnDiodeReading[9] [85] ;
hotLoadThermisterCount[11];

} LGMIBASERSS_S1_CALCOUNTS;

#endif

#ifndef _LGMIBASERSS_S1_CAL2_
#define _LGMIBASERSS_S1_CAL2_

typedef struct {
unsigned short trayTemperatureCount;
float trayTemperature;
unsigned short moonIndex[9];
float noiseDiodeTemp[6];

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

short
short
short
short
short
short
short
short
short

TEMP_CALRES_2;
TEMP_CALRES_1;
RS_CALRES_2;
RS_CALRES_1;
BATC_CALRES_2;
BATC_CALRES_1;
NDIODE_MODE;
RSST_NDIODE_ST;
NDIODE10GHZNUM;

float hotLoadThermisterTemp[9] [11];
unsigned short TEMP_CALRES_4;
unsigned short TEMP_CALRES_5;
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unsigned short TEMP_CALRES_6;

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

unsigned short WarmIntrusionToColdViewIndex[85] [9];

TEMP_89GHZ_L0O;
TEMP_166GHZ_1.0;
TEMP_183GHZ_L0O;
TEMP_V89GHZMXR ;
TEMP_H89GHZMXR ;
TEMP_V166GHZMXR ;
TEMP_H166GHZMXR ;
TEMP_183GHZMXR;
TEMP_RS_MR1;
TEMP_RS_MR2;
MR_ICA_TEMP;
MR_LR_LEFT_TEMP;
MR_LR_RGHT_TEMP;
MR_LR_LOWR_TEMP;
CSR_TEMP1;
CSR_TEMP2;
onOrbitDiodeExcessTemp[9];

} LGMIBASERSS_S1_CAL2;

#endif

#ifndef _LGMIBASERSS_S1_CALIBRATION_
#define _LGMIBASERSS_S1_CALIBRATION_

typedef struct {

float
float
float
float
float
float
float
float
float
float
float
float
short
short
float
float

hotLoadTemp [9] ;
coldSkyTemp [9];
onOrbitNonLinearity[9];
derivedNonLinearity[9];
meanHotLoadCount [9] ;
meanHotLoadCntnDiode[9] ;
meanColdSkyCount [9] ;
meanColdSkyCntnDiode [9] ;
diodeExcessTemp[9];
gain[9] [2];

offset[9] [2];
nonlLinearGain[9];
calibrationQCflag;
diodeFlag;
receiverTemp[9] ;
receiverGain[9] ;
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} LGMIBASERSS_S1_CALIBRATION;
#endif

#ifndef _LGMIBASERSS_S1_NAV2_
#define _LGMIBASERSS_S1_NAV2_

typedef struct {
unsigned short SCE_SELECTION;
unsigned short SCE_RATE;

} LGMIBASERSS_S1_NAV2;

#endif

#ifndef _NAVIGATION_
#define _NAVIGATION_

typedef struct {
float scPos[3];
float scVell3];
float sclat;
float sclon;
float scAlt;
float dprAlt;
float scAttRollGeoc;
float scAttPitchGeoc;
float scAttYawGeoc;
float scAttRollGeod;
float scAttPitchGeod;
float scAttYawGeod;
float greenHourAng;
double timeMidScan;
double timeMidScanOffset;
} NAVIGATION;

#endif

#ifndef _LGMIBASERSS_S1_SAMPLEHEADER_
#define _LGMIBASERSS_S1_SAMPLEHEADER_

typedef struct {
signed char blanking;
short earthViewFirstSample;
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short sampleNumber [9] [4];

unsigned int tachSeconds[32];

unsigned short tachSubSeconds[32];

unsigned int indexPulseSeconds;

unsigned short indexPulseSubSeconds;
} LGMIBASERSS_S1_SAMPLEHEADER;

#endif

#ifndef _LGMIBASERSS_S1_SCANSTATUS_
#define _LGMIBASERSS_S1_SCANSTATUS_

typedef struct {
signed char dataQuality;
signed char missing;
signed char modeStatus;
short geoError;
short geoWarning;
short SCorientation;
short pointingStatus;
signed char acsModeMidScan;
signed char targetSelectionMidScan;
signed char operationalMode;
double FractionalGranuleNumber;
} LGMIBASERSS_S1_SCANSTATUS;

#endif

#ifndef _SCANTIME_
#define _SCANTIME_

typedef struct {
short Year;
signed char Month;
signed char DayOfMonth;
signed char Hour;
signed char Minute;
signed char Second;
short MilliSecond;
short DayOfYear;
double SecondOfDay;
} SCANTIME;
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#endif

#ifndef _LGMIBASERSS_S1_
#define _LGMIBASERSS_S1_

typedef struct {
SCANTIME ScanTime;
float Latitude[221];
float Longitude[221];
LGMIBASERSS_S1_SCANSTATUS scanStatus;
LGMIBASERSS_S1_SAMPLEHEADER sampleHeader;
NAVIGATION navigation;
LGMIBASERSS_S1_NAV2 nav2;
LGMIBASERSS_S1_CALIBRATION calibration;
LGMIBASERSS_S1_CAL2 cal2;
float moonVectorInstFrame[3];
LGMIBASERSS_S1_CALCOUNTS calCounts;
LGMIBASERSS_S1_SUNDATA sunData;
float incidenceAngle[221];
float satAzimuthAngle[221];
float solarZenAngle[221];
float solarAzimuthAngle[221];
float sunGlintAngle[221];
float magneticFieldVector[3];
unsigned short earthViewCounts[221][9];
float Tal[221][9];
short RFIFlag[221] [5];

} LGMIBASERSS_S1;

#endif

#ifndef _LGMIBASERSS_SWATHS_
#define _LGMIBASERSS_SWATHS_

typedef struct {
LGMIBASERSS_S1 S1;
LGMIBASERSS_S2 S2;
LGMIBASERSS_S3 S3;
LGMIBASERSS_S4 S4;

} LGMIBASERSS_SWATHS;

#endif
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#tendif

Fortran Structure Header file:

STRUCTURE /LGMIBASERSS_S4_CALIBRATION/
REAL*4 hotLoadTemp (4)
REAL*4 coldSkyTemp (4)
REAL*4 onOrbitNonLinearity(4)
REAL*4 derivedNonLinearity(4)
REAL*4 meanHotLoadCount (4)
REAL*4 meanHotLoadCntnDiode(4)
REAL*4 meanColdSkyCount (4)
REAL*4 meanColdSkyCntnDiode(4)
REAL*4 diodeExcessTemp(4)
REAL*4 gain(2,4)
REAL*4 offset(2,4)
REAL*4 nonLinearGain(4)
INTEGER*2 calibrationQCflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(4)
REAL*4 receiverGain(4)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S4_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE

STRUCTURE /LGMIBASERSS_S4/
RECORD /SCANTIME/ ScanTime
REAL*4 Latitude(500)
REAL*4 Longitude(500)
RECORD /LGMIBASERSS_S4_SCANSTATUS/ scanStatus
RECORD /LGMIBASERSS_S4_CALIBRATION/ calibration
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REAL*4 incidenceAngle(500)
REAL*4 Ta(4,500)
INTEGER*2 count(4,500)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S3_CALIBRATION/
REAL*4 hotLoadTemp(9)
REAL*4 coldSkyTemp (9)
REAL*4 onOrbitNonLinearity(9)
REAL*4 derivedNonLinearity(9)
REAL*4 meanHotLoadCount (9)
REAL*4 meanHotLoadCntnDiode(9)
REAL*4 meanColdSkyCount (9)
REAL*4 meanColdSkyCntnDiode(9)
REAL*4 diodeExcessTemp(9)
REAL*4 gain(2,9)
REAL*4 offset(2,9)
REAL*4 nonLinearGain(9)
INTEGER*2 calibrationQCflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(9)
REAL*4 receiverGain(9)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S3_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE

STRUCTURE /LGMIBASERSS_S3/
RECORD /SCANTIME/ ScanTime
REAL*4 Latitude(500)
REAL*4 Longitude(500)
RECORD /LGMIBASERSS_S3_SCANSTATUS/ scanStatus
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RECORD /LGMIBASERSS_S3_CALIBRATION/ calibration
REAL*4 incidenceAngle (500)
REAL*4 Ta(9,500)
INTEGER*2 count(9,500)
END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_SUNDATA/
REAL*4 solarBetaAngle
REAL*4 phaseFromOrbitMidnight
REAL*4 sunEarthSeparation
REAL*4 earthAngularRadius
REAL*4 phaseOfEclipseExit
REAL*4 orbitRate
REAL*4 timeSinceEclipseEntry
REAL*4 sunVectorInBodyFrame(3)
END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_CALCOUNTS/
INTEGER*2 hotLoadReading(65,4)
INTEGER*2 coldLoadReading(85,4)
INTEGER*2 hotLoadnDiodeReading(65,4)
INTEGER*2 coldLoadnDiodeReading(85,4)
INTEGER*2 hotLoadThermisterCount (11)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_CAL2/
INTEGER*2 trayTemperatureCount
REAL*4 trayTemperature
INTEGER*2 moonIndex(4)

REAL*4 noiseDiodeTemp(6)
INTEGER*2 TEMP_CALRES_2
INTEGER*2 TEMP_CALRES_1
INTEGER*2 RS_CALRES_2
INTEGER*2 RS_CALRES_1
INTEGER*2 BATC_CALRES_2
INTEGER*2 BATC_CALRES_1
INTEGER*2 NDIODE_MODE
INTEGER*2 RSST_NDIODE_ST
INTEGER*2 NDIODE1O0GHZNUM
REAL*4 hotLoadThermisterTemp(11,4)
INTEGER*2 TEMP_CALRES_4
INTEGER*2 TEMP_CALRES_5
INTEGER*2 TEMP_CALRES_6

217



218

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

TEMP_89GHZ_LO
TEMP_166GHZ_LO
TEMP_183GHZ_LO
TEMP_V89GHZMXR
TEMP_H89GHZMXR
TEMP_V166GHZMXR
TEMP_H166GHZMXR
TEMP_183GHZMXR
TEMP_RS_MR1
TEMP_RS_MR2
MR_ICA_TEMP
MR_LR_LEFT_TEMP
MR_LR_RGHT_TEMP
MR_LR_LOWR_TEMP
CSR_TEMP1
CSR_TEMP2
onOrbitDiodeExcessTemp (4)

INTEGER*2 WarmIntrusionToColdViewIndex(4,85)
END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_CALIBRATION/

REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

hotLoadTemp (4)
coldSkyTemp (4)
onOrbitNonLinearity(4)
derivedNonLinearity(4)
meanHotLoadCount (4)
meanHotLoadCntnDiode (4)
meanColdSkyCount (4)
meanColdSkyCntnDiode (4)
diodeExcessTemp(4)
gain(2,4)

offset(2,4)
nonLinearGain(4)

INTEGER*2 calibration(Cflag
INTEGER*2 diodeFlag

REAL*4
REAL*4

receiverTemp (4)
receiverGain(4)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_NAV2/
INTEGER*2 SCE_SELECTION
INTEGER*2 SCE_RATE

END STRUCTURE
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STRUCTURE /LGMIBASERSS_S2_SAMPLEHEADER/
BYTE blanking
INTEGER*2 earthViewFirstSample
INTEGER*2 sampleNumber(4,4)
INTEGER*4 tachSeconds(32)
INTEGER*2 tachSubSeconds(32)
INTEGER*4 indexPulseSeconds
INTEGER*2 indexPulseSubSeconds

END STRUCTURE

STRUCTURE /LGMIBASERSS_S2_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode

REAL*8

FractionalGranuleNumber

END STRUCTURE

STRUCTURE /LGMIBASERSS_S2/

RECORD
REAL*4
REAL*4
RECORD
RECORD
RECORD
RECORD
RECORD
RECORD
REAL*4
RECORD
RECORD
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

/SCANTIME/ ScanTime

Latitude(221)

Longitude(221)
/LGMIBASERSS_S2_SCANSTATUS/ scanStatus
/LGMIBASERSS_S2_SAMPLEHEADER/ sampleHeader
/NAVIGATION/ navigation
/LGMIBASERSS_S2_NAV2/ nav2
/LGMIBASERSS_S2_CALIBRATION/ calibration
/LGMIBASERSS_S2_CAL2/ cal2
moonVectorInstFrame(3)
/LGMIBASERSS_S2_CALCOUNTS/ calCounts
/LGMIBASERSS_S2_SUNDATA/ sunData
incidenceAngle(221)

satAzimuthAngle(221)

solarZenAngle(221)
solarAzimuthAngle (221)
sunGlintAngle (221)
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REAL*4 magneticFieldVector(3)
INTEGER*2 earthViewCounts(4,221)
REAL*4 Ta(4,221)
INTEGER*2 RFIFlag(2,221)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_SUNDATA/
REAL*4 solarBetaAngle
REAL*4 phaseFromOrbitMidnight
REAL*4 sunEarthSeparation
REAL*4 earthAngularRadius
REAL*4 phase0OfEclipseExit
REAL*4 orbitRate
REAL*4 timeSinceEclipseEntry
REAL*4 sunVectorInBodyFrame(3)
END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_CALCOUNTS/
INTEGER*2 hotLoadReading(65,9)
INTEGER*2 coldLoadReading(85,9)
INTEGER*2 hotLoadnDiodeReading(65,9)
INTEGER*2 coldLoadnDiodeReading(85,9)
INTEGER*2 hotLoadThermisterCount (11)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_CAL2/
INTEGER*2 trayTemperatureCount
REAL*4 trayTemperature
INTEGER*2 moonIndex(9)

REAL*4 noiseDiodeTemp(6)
INTEGER*2 TEMP_CALRES_2
INTEGER*2 TEMP_CALRES_1
INTEGER*2 RS_CALRES_2
INTEGER*2 RS_CALRES_1
INTEGER*2 BATC_CALRES_2
INTEGER*2 BATC_CALRES_1
INTEGER*2 NDIODE_MODE
INTEGER*2 RSST_NDIODE_ST
INTEGER*2 NDIODE1O0GHZNUM
REAL*4 hotLoadThermisterTemp(11,9)
INTEGER*2 TEMP_CALRES_4
INTEGER*2 TEMP_CALRES_5
INTEGER*2 TEMP_CALRES_6
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REAL*4 TEMP_89GHZ_LO

REAL*4 TEMP_166GHZ_LO

REAL*4 TEMP_183GHZ_L0O

REAL*4 TEMP_V89GHZMXR

REAL*4 TEMP_H89GHZMXR

REAL*4 TEMP_V166GHZMXR

REAL*4 TEMP_H166GHZMXR

REAL*4 TEMP_183GHZMXR

REAL*4 TEMP_RS_MR1

REAL*4 TEMP_RS_MR2

REAL*4 MR_ICA_TEMP

REAL*4 MR_LR_LEFT_TEMP

REAL*4 MR_LR_RGHT_TEMP

REAL*4 MR_LR_LOWR_TEMP

REAL*4 CSR_TEMP1

REAL*4 CSR_TEMP2

REAL*4 onOrbitDiodeExcessTemp(9)

INTEGER*2 WarmIntrusionToColdViewIndex(9,85)
END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_CALIBRATION/
REAL*4 hotLoadTemp(9)
REAL*4 coldSkyTemp(9)
REAL*4 onOrbitNonLinearity(9)
REAL*4 derivedNonLinearity(9)
REAL*4 meanHotLoadCount (9)
REAL*4 meanHotLoadCntnDiode(9)
REAL*4 meanColdSkyCount (9)
REAL*4 meanColdSkyCntnDiode(9)
REAL*4 diodeExcessTemp(9)
REAL*4 gain(2,9)
REAL*4 offset(2,9)
REAL*4 nonLinearGain(9)
INTEGER*2 calibration(Cflag
INTEGER*2 diodeFlag
REAL*4 receiverTemp(9)
REAL*4 receiverGain(9)

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_NAV2/
INTEGER*2 SCE_SELECTION
INTEGER*2 SCE_RATE

END STRUCTURE
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STRUCTURE /NAVIGATION/
REAL*4 scPos(3)
REAL*4 scVel(3)
REAL*4 scLat
REAL*4 scLon
REAL*4 scAlt
REAL*4 dprAlt
REAL*4 scAttRollGeoc
REAL*4 scAttPitchGeoc
REAL*4 scAttYawGeoc
REAL*4 scAttRollGeod
REAL*4 scAttPitchGeod
REAL*4 scAttYawGeod
REAL*4 greenHourAng
REAL*8 timeMidScan
REAL*8 timeMidScanOffset

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_SAMPLEHEADER/
BYTE blanking
INTEGER*2 earthViewFirstSample
INTEGER*2 sampleNumber (4,9)
INTEGER*4 tachSeconds(32)
INTEGER*2 tachSubSeconds(32)
INTEGER*4 indexPulseSeconds
INTEGER*2 indexPulseSubSeconds

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1_SCANSTATUS/
BYTE dataQuality
BYTE missing
BYTE modeStatus
INTEGER*2 geoError
INTEGER*2 geoWarning
INTEGER*2 SCorientation
INTEGER*2 pointingStatus
BYTE acsModeMidScan
BYTE targetSelectionMidScan
BYTE operationalMode
REAL*8 FractionalGranuleNumber
END STRUCTURE
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STRUCTURE /SCANTIME/
INTEGER*2 Year
BYTE Month
BYTE DayOfMonth
BYTE Hour
BYTE Minute
BYTE Second
INTEGER*2 MilliSecond
INTEGER*2 DayOfYear

REAL*8

Second0fDay

END STRUCTURE

STRUCTURE /LGMIBASERSS_S1/

RECORD
REAL*4
REAL*4
RECORD
RECORD
RECORD
RECORD
RECORD
RECORD
REAL*4
RECORD
RECORD
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4
REAL*4

/SCANTIME/ ScanTime

Latitude(221)

Longitude(221)
/LGMIBASERSS_S1_SCANSTATUS/ scanStatus
/LGMIBASERSS_S1_SAMPLEHEADER/ sampleHeader
/NAVIGATION/ navigation
/LGMIBASERSS_S1_NAV2/ nav2
/LGMIBASERSS_S1_CALIBRATION/ calibration
/LGMIBASERSS_S1_CAL2/ cal2
moonVectorInstFrame (3)
/LGMIBASERSS_S1_CALCOUNTS/ calCounts
/LGMIBASERSS_S1_SUNDATA/ sunData
incidenceAngle(221)

satAzimuthAngle (221)

solarZenAngle(221)
solarAzimuthAngle(221)
sunGlintAngle (221)
magneticFieldVector(3)

INTEGER*2 earthViewCounts(9,221)

REAL*4

Ta(9,221)

INTEGER*2 RFIFlag(5,221)
END STRUCTURE

STRUCTURE /LGMIBASERSS_SWATHS/

RECORD
RECORD
RECORD
RECORD

/LGMIBASERSS_S1/ S1
/LGMIBASERSS_S2/ S2
/LGMIBASERSS_S3/ S3
/LGMIBASERSS_S4/ S4

END STRUCTURE
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5.4 GMIBASEXCAL - GMI Antenna Temperatures

The GMI BASE Product, GMIBASEXCAL, ”GMI Antenna Temperatures,” is written
Swath S1 has channels 1-9: 10V 10H 19V 19H 23V 37V
37H 89V 89H. Swath S2 has channels 10-13: 166V 166H 183+ /-3V 183+ /-8V. S3 S4 are
full rotation versions of S1 S2. GMIBASEXCAL is like GMIBASE but has overlap of
200 scans on each end of S3 and S4. The following sections describe the structure and

as a multi-Swath Structure.

contents of the format.

Dimension definitions:

nscan
nchanl
nchan2
nfreql
nfreq2
npix1
npix2
npix3
npix4
ncoldsl
ncolds2
nhotsl
nhots2
ntherm
LNL

nsamt

ntach
GMIxyz
nndiode
n7

Figure 70 through Figure 100 show the structure of this product. The text below describes
the contents of objects in the structure, the C Structure Header File and the Fortran

var

7

Number of scans in the granule.

Number of channels in Swath 1.

Number of channels in Swath 2.

Number of frequencies in Swath 1.

Number of frequencies in Swath 2.

Number of pixels in Swath 1.

Number of pixels in Swath 2.

Number of pixels in Swath 3.

Number of pixels in Swath 4.

Maximum number of cold samples in Swath 1.
Maximum number of cold samples in Swath 2.
Maximum number of hot samples in Swath 1.
Maximum number of hot samples in Swath 2.
Number of hot load thermisters.

Linear and non-linear.

Number of sample types. The types are: total science GSDR, earth-

view, hot load, cold sky.
Number of tachometer readings.

X, y, z components in GMI instrument coordinate system.

Number of noise diodes.
Number seven.

Structure Header File.
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(FileHeader ) Metadata
[InputRecord J Metadata
(NavigationRecord ) Metadata
//:[Filelnfo ) Metadata

()
.\%
®

Figure 70: Data Format Structure for GMIBASEXCAL, GMI Antenna Temperatures
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©

Z
N

(S1_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 273 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
(calibration 580 bytes)
Gal2 2008 bytes)
[moonVectorInstFrame 4 bytes]

CcalCounts 5422 bytes)
CsunData 40 bytes)
[incidenceAngle 4 bytes]
[satAzimuthAngle 4 bytes]
[solarZenAngle 4 bytes)
[solarAzimuthAngle 4 bytes]
[sunGlintAngle 4 bytes]
[magneticFieldVector 4 bytes)
[earthViewCounts 2 bytesJ
[Ta 4 bytes]
[RFIFlag 2 bytes]

Figure 71: Data Format Structure for GMIBASEXCAL, S1

Metadata

Group: nscan

5 STANDARD GPM PRODUCTS

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

Array:

npixl x nscan
npixl x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npixl x nscan
npix1l x nscan
npixl x nscan

npix1l x nscan

: npix1 x nscan

: GMIxyz x nscan
: nchanl x npixl x nscan
nchanl x npixl x nscan

nfreql x npix1 x nscan
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()

Z
N

(S2_SwathHeader )
@,canTime 19 bytes)
[Latitude 4 bytes]
[Longitude 4 bytes]
(scanStatus 22 bytes)
CsampleHeader 233 bytes)
Cnavigation 84 bytes)
@aVQ 4 bytes)
Galibration 260 bytes)
Gal2 998 bytes)
[moonVectorInstFrame 4 bytes]

CcalCounts 2422 bytes)
CsunData 40 bytes)
[incidenceAngle 4 bytes]
[satAzimuthAngle 4 bytes]
[solarZenAngle 4 bytes)
[solarAzimuthAngle 4 bytes]
[sunGlintAngle 4 bytes]
[magneticFieldVector 4 bytes)
[earthViewCounts 2 bytesJ
[Ta 4 bytes]
[RFIFlag 2 bytes]

Figure 72: Data Format Structure for GMIBASEXCAL, S2

Metadata

Group: nscan

Array:

Array:

Group:
Group:
Group:
Group:
Group:

Group:

Array:

Group:

Group:

Array:
Array:
Array:

Array:

Array:

Array:

npix2 x nscan
npix2 x nscan
nscan

nscan

nscan

nscan

nscan

nscan
GMlIxyz x nscan
nscan

nscan

npix2 x nscan
npix2 x nscan
npix2 x nscan

npix2 x nscan

: npix2 x nscan

: GMIxyz x nscan
: nchan2 x npix2 x nscan
nchan2 x npix2 x nscan

nfreq2 x npix2 x nscan
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(S3_SwathHeader )
CScanTime 19 bytes)
[Latitude 4 bytes]
4 [Longitude 4 bytes]
~_—— (ScanStatus 22 bytes)
\ (calibration 580 bytes)
[incidenceAngle 4 bytes]
[Ta 4 bytes]

5 STANDARD GPM PRODUCTS

Metadata

Group: nscan
Array: npix3 x nscan
Array: npix3 x nscan
Group: nscan
Group: nscan
Array: npix3 x nscan

Array: nchanl x npix3 x nscan

Figure 73: Data Format Structure for GMIBASEXCAL, S3

[S4,SwathHeader

)

CScanTime 19 bytes)

[Latitude 4 bytes]

4—»’ [Longitude 4 bytes)
i—i CscanStatus 22 bytesD
Galibration 260 bytes)

[incidenceAngle 4 bytes)

[Ta 4 bytesJ

Metadata

Group: nscan

Array:
Array:
Group:
Group:
Array:

Array:

npix4 x nscan
npix4 x nscan
nscan
nscan
npix4 x nscan

nchan2 x npix4 x nscan

Figure 74: Data Format Structure for GMIBASEXCAL, S4

[Year

2 bytes

[Month

1 byte

[DayOfMonth

- (Hour

\—> [Second

[MilliSecond

[DayOerar

[SecondOfDay

8 bytes

—_
o
<
3
) O
>
=
s
<

Array: nscan
Array: nscan
Array: nscan

Array: nscan

: nscan

Array: nscan
Array: nscan
Array: nscan

Array: nscan

Figure 75: Data Format Structure for GMIBASEXCAL, S1, ScanTime
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[dataQuality 1 byte | Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte | Array: nscan

[geoError 2 bytes | Array: nscan

Array: nscan

_— [SCorientation 2 bytes
\—> [pointingStatus 2 bytes

[acsModeMidScan 1 byte

Array: nscan

Array: nscan

[targetSelectionMidScan 1 byte | Array: nscan

)
)
)
)
/[geoWarning 2 bytes] Array: nscan
)
)
)
)
)

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes) Array: nscan

Figure 76: Data Format Structure for GMIBASEXCAL, S1, scanStatus

[blanking 1 byte] Array: nscan

[earthViewFirstSample 2 bytes | Array: nscan

Array: nsamt x nchanl x nscan

_— [sampleN umber 2 bytes

)

)
—»[tachSeconds 4 bytes) Array: ntach x nscan

)

)

T~ [tachSubSeconds 2 bytes

Array: ntach x nscan

[indexPulseSeconds 4 bytes | Array: nscan

[indeXPulseSubSeconds 2 bytes) Array: nscan

Figure 77: Data Format Structure for GMIBASEXCAL, S1, sampleHeader
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[SCPOS

4 bytes

[chel

4 bytes

[scLat

4 bytes

[soLon

4 bytes

[scAlt

4 bytes

[dprAlt

4 bytes

/—> [scAtt RollGeoc

_— [scAttPitchGeoc

\—> [scAttYaWGeoc

[scAttRouGeod

[scAttPitchGeod

[scAttYaWGeod

[greenHourAng

[timeMidScan

8 bytes

[timeMidScanOffset

8 bytes) Array:

Array:
Array:
Array:
Array:

Array:

)
)
)
)
)
)
4 bytes ) Array:
)
)
)
)
)
)
)

XYZ

XYZ

nscan

nscan

nscan

. nscan

nscan

: nscan

I nscan

: nscan

. nscan

I nscan

. nscan

: nscan

nscan

5 STANDARD GPM PRODUCTS

X nscan

X nscan

Figure 78: Data Format Structure for GMIBASEXCAL, S1, navigation

___—(SCESELECTION
nav
T (SCERATE

2 bytes] Array: nscan

2 bytes) Array: nscan

Figure 79: Data Format Structure for GMIBASEXCAL, S1, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

4 bytes
[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain

4 bytes] Array:

Array:
Array:

Array:

)
)
)
)
)
)
)
4 bytes] Array:
)
)
)
)
)
)
)

Array:

nchanl x nscan

nchanl x nscan

nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

: nchanl x nscan

nchanl x nscan

: nchanl x nscan

: LNL x nchanl x nscan

: LNL x nchanl x nscan

: nchanl x nscan

. nscan

. nscan

nchanl x nscan

nchanl x nscan

Figure 80: Data Format Structure for GMIBASEXCAL, S1, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchanl x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchanl x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 81: Data Format Structure for GMIBASEXCAL, cal2
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continued from last figure

[TEMPJSBGHZMXR

4 bytes] Array:

[TEMP,RS,MRl

4 bytes

[TEMP,RS,MRz

4 bytes

[MR,ICA,TEMP

4 bytes

4 bytes

- [MR,LR,LEFT,TEMP

[MR,LR,RGHT,TEMP

[MR,LR,LOWR,TEMP

[CSR,TEMPl

4 bytes

[CSR,TEMPQ

[onOrbitDiodeExcessTemp

4 bytes

[WarmlntrusionToColdVieWIndex 2]
Array

bytes

Array:
Array:
Array:
Array:

)
)
)
)
4 bytes ) Array:
)
)
)
)

Array:

nscan

nscan

nscan

nscan

nscan

nscan

I nscan

. nscan

: nscan

nchanl x nscan

: nchanl x ncoldsl x nscan

Figure 82: Data Format Structure for GMIBASEXCAL, S1, cal2

[hotLoadReading

2 bytes] Array: nhotsl x nchanl x nscan

[coldLoadReading

\

2 bytesJ Array: ncoldsl x nchanl x nscan

_— [hotLoaaniodeReading

2 bytes] Array: nhotsl x nchanl x nscan

2 bytcs] Array: ncoldsl x nchanl x nscan

s [coldLoaaniochcading
[hotLoadThermisterCount

2 bytesJ Array: ntherm x nscan

Figure 83: Data Format Structure for GMIBASEXCAL, S1, calCounts

[solarBet aAngle

4 bytes] Array: nscan

4 bytesJ Array: nscan

4 bytes] Array: nscan

phaseFromOrbitMidnight
/—» sunEarthSeparation
[earthAngularRadius

4 bytes] Array: nscan

—
T [phaseOfEclipseExit

4 bytesJ Array: nscan

[orbitRate

4 bytes

[timeSinceEclipseEntry

)
)

4 bytes

[sunVectorInBodyFrame

Array: nscan

Array: nscan

4 bytes] Array: 3 x nscan

Figure 84: Data Format Structure for GMIBASEXCAL, S1, sunData

233
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[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

[DayOfMonth 1 byte | Array: nscan

/—> [Hour 1 byte

_— [Minute 1 byte
\—> [Second 1 byte

[Miuisecond 2 bytes

Array: nscan

: nscan

Array: nscan

Array: nscan

[DayOerar 2 bytes | Array: nscan

—
]
S
<

[SecondOfDay 8 bytes | Array: nscan

Figure 85: Data Format Structure for GMIBASEXCAL, S2, ScanTime

[dataQuality 1 byte] Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte | Array: nscan

[geoError 2 bytes | Array: nscan

)
)

)
/[geOWarning 2 bytes
—)[SCorientation 2 bytes) Array: nscan
)
)
)
)

Array: nscan

Array: nscan

\—> [pointingStatus 2 bytes

[acsModeMidScan 1 byte

Array: nscan

[targetSelectionMidScam 1 byte | Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes] Array: nscan

Figure 86: Data Format Structure for GMIBASEXCAL, S2, scanStatus

[blanking 1 byte] Array: nscan

[earthViewFirstSample 2 bytes | Array: nscan

Array: nsamt x nchan2 x nscan

/—> [sampleNumber 2 bytes

)

)
—»[taChSeconds 4 bytes] Array: ntach x nscan

)

)

\—> [tachSubSeconds 2 bytes

Array: ntach x nscan

[indexPulseSeconds 4 bytes | Array: nscan

[indexPulseSubSeconds 2 bytes] Array: nscan

Figure 87: Data Format Structure for GMIBASEXCAL, S2, sampleHeader
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[SCPOS 4 bytes | Array: XYZ x nscan

[chel 4 bytes | Array: XYZ x nscan

[scLat 4 bytes | Array: nscan

[soLon 4 bytes | Array: nscan

[scAlt 4 bytes | Array: nscan

[dprAlt 4 bytes | Array: nscan

Array: nscan

R —— [scAttPitchGeoc 4 bytes

\—> [scAttYaWGeoc 4 bytes

[scAttRollGeod 4 bytes

Array: nscan

Array: nscan

[scAttPitchGeod 4 bytes | Array: nscan

[scAttYaWGeod 4 bytes | Array: nscan

[greenHourAng 4 bytes | Array: nscan

)
)
)
)
)
)
/[scAttRollGeoc 4 bytes ] Array: nscan
)
)
)
)
)
)
)

[timeMidScan 8 bytes | Array: nscan

[timeMidScanOffset 8 bytes) Array: nscan

Figure 88: Data Format Structure for GMIBASEXCAL, S2, navigation

/[SCE,SELECTION 2 bytes] Array: nscan
\[SCE,RATE 2 bytes) Array: nscan

Figure 89: Data Format Structure for GMIBASEXCAL, S2, nav2
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[mcanHotLoaantnDiodc

/ [meanColdSkyCount
[meanColdSkndtnDiode

__—
T [diodeExcessTemp

4 bytes
[gain 4 bytes
[oﬂ"set 4 bytes
[nonLinearGain 4 bytes
[calibrationQCﬁag 2 bytes
[diodeFlag 2 bytes
[receiverTemp 4 bytes
[receiverGain

4 bytes] Array:

Array:
Array:

Array:

)
)
)
)
)
)
)
4 bytes] Array:
)
)
)
)
)
)
)

Array:

5 STANDARD GPM PRODUCTS

nchan2 x nscan
nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

: nchan2 x nscan

nchan2 x nscan

: nchan2 x nscan

: LNL x nchan2 x nscan

: LNL x nchan2 x nscan

: nchan2 x nscan

. nscan

. nscan

nchan2 x nscan

nchan2 x nscan

Figure 90: Data Format Structure for GMIBASEXCAL, S2, calibration
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[trayTemperatureCount 2 bytes | Array: nscan

[trayTemperature 4 bytes | Array: nscan

[moonlndex 2 bytes | Array: nchan2 x nscan

[noiseDiodeTemp 4 bytes | Array: nndiode x nscan

[TEMP,CALRES,Q 2 bytes | Array: nscan

[TEMP,CALRESJ 2 bytes | Array: nscan

[RS,CALRESQ 2 bytes | Array: nscan

[RS,CALRESJ 2 bytes | Array: nscan

[BATC,CALRESJ 2 bytes | Array: nscan

[BATC,CALRES,I 2 bytes | Array: nscan

[NDIODE,MODE 2 bytes

)
)
)
)
)
)
)
)
)
)
)
/[RSSTNDIODEST 2 bytes ] Array: nscan
/[NDIODEIOGHZNUM 2 bytesJ Array: nscan
)
)
)
)
)
)
)
)
)
)
)

Array: nscan

cal2

Array: nscan

s[hotLoadThermisterTemp 4 bytes | Array: ntherm x nchan2 x nscan
[TEMP,CALRESA 2 bytes

[TEMP,CALRESj 2 bytes

Array: nscan

[TEMP,CALRESﬁ 2 bytes | Array: nscan

[TEMP,BQGHZ,LO 4 bytes | Array: nscan

[TEMPJGGGHZ,LO 4 bytes | Array: nscan

[TEMP,IBBGHZ,LO 4 bytes | Array: nscan

[TEMP,V89GHZMXR 4 bytes | Array: nscan

[TEMP,HSQGHZMXR 4 bytes | Array: nscan

[TEMP,V166GHZMXR 4 bytes | Array: nscan

[TEMP,H166GHZMXR 4 bytes | Array: nscan

continued on next figure
L]
[ ]
]

Figure 91: Data Format Structure for GMIBASEXCAL, cal2
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continued from last figure

[TEMPJSBGHZMXR 4 bytes] Array: nscan

[TEMP,RS,MRI 4 bytesJ Array: nscan

[TEMP,RS,MR2 4 bytes] Array: nscan

[MR,ICA,TEMP 4 bytes] Array: nscan

——)[MR,LR,LEFT,TEMP 4 bytes] Array: nscan

\—»[MR,LR,RGHT,TEMP 4 bytes] Array: nscan

[MR,LR,LOWR,TEMP 4 bytes] Array: nscan

[CSR,TEMPl 4 bytes] Array: nscan

[CSR,TEMP2 4 bytes] Array: nscan
[onOrbitDiodeExcessTemp 4 bytes] Array: nchan2 x nscan

[WarmlntruswnToColdVIeWIndex 2] Array: nchan? x ncolds2 x nscan

bytes

Figure 92: Data Format Structure for GMIBASEXCAL, S2, cal2

[hotLoadReading 2 bytes] Array: nhots2 x nchan2 x nscan

[coldLoadReading 2 bytesJ Array: ncolds2 x nchan2 x nscan

_— [hotLoaaniodeReading 2 bytes] Array: nhots2 x nchan2 x nscan
s [coldLoaaniochcading 2 bytcs] Array: ncolds2 x nchan2 x nscan
[hotLoadThermisterCount 2 bytesJ Array: ntherm x nscan

Figure 93: Data Format Structure for GMIBASEXCAL, S2, calCounts

\

[solarBetaAngle 4 bytes] Array: nscan

phaseFromOrbitMidnight 4 bytesJ Array: nscan

/—» sunEarthSeparation 4 bytes] Array: nscan

/[earthAngularRadius 4 bytes] Array: nscan
T [phaseOfEclipseExit 4 bytesJ

[orbitRate 4 bytes

Array: nscan

Array: nscan

)
)

[sunVectorInBodyFrame 4 bytes] Array: 3 x nscan

[timeSinceEclipseEntry 4 bytes | Array: nscan

Figure 94: Data Format Structure for GMIBASEXCAL, S2, sunData
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[Year 2 bytes | Array: nscan

[Month 1 byte | Array: nscan

. nscan

[DayOfMonth 1 byte

/—> [Hour 1 byte

> [Minute 1 byte
\—> [Second 1 byte

[Miuisecond 2 bytes

>

£

S
&

Array: nscan

I nscan

Array: nscan

Array: nscan

[DayOerar 2 bytes | Array: nscan

—
2]
S
<

[SecondOfDay 8 bytes | Array: nscan

Figure 95: Data Format Structure for GMIBASEXCAL, S3, ScanTime
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[dataQuality 1 byte | Array: nscan

[missing 1 byte | Array: nscan

[modeStatus 1 byte

)

)

)
[geoErmr 2 bytes] Array: nscan
;[geo\ﬂhrning 2 bytes] Array: nscan

)

)

)

)

)

Array: nscan

Array: nscan

—_ [SCorientation 2 bytes
% [pointingStatuS 2 bytes
[acsModeMidScan 1 byte

[targetSelectionMidScan 1 byte

Array: nscan

Array: nscan

Array: nscan

[operationalMode 1 byte | Array: nscan

[FractionalGranuleNumber 8 bytes] Array: nscan

Figure 96: Data Format Structure for GMIBASEXCAL, S3, scanStatus

FileHeader (Metadata):
FileHeader contains general metadata. This group appears in all data products. See
Metadata for GPM Products for details.

InputRecord (Metadata):

InputRecord contains a record of input files for this granule. This group appears in Level
1 and Level 2 data products. Level 3 time averaged products have the same information
separated into 3 groups since they have many inputs. See Metadata for GPM Products
for details.

NavigationRecord (Metadata):
NavigationRecord contains navigation metadata for this granule. This group appears in
Level 1 and Level 2 data products. See Metadata for GPM Products for details.

FileInfo (Metadata):
FileInfo contains metadata used by the PPS I/O Toolkit (TKIO). This group appears in
all data products. See Metadata for GPM Products for details.

S1 (Swath)

S1_SwathHeader (Metadata):
SwathHeader contains metadata for swaths. This group appears in Level 1 and Level 2
data products. See Metadata for GPM Products for details.
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[hotLoadTemp 4 bytes
[coldSkyTemp 4 bytes
[onOrbitNonLinearity 4 bytes

[derivedNonLinearity

4 bytes

[meanHotLoadCount

[meanHotLoaantnDiode

/ [meanColdSky